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FOREWORD 


Impressed  with  the  significance  and  value  of  Dr.  Wulff's  Russian 
text,  which  was  published  in  1932  and  again  in  a  slightly  revised  edi- 
tion in  1933,  I  then  suggested  to  him  the  desirabihty  of  an  EngHsh 
translation  in  order  that  his  views  might  be  made  more  generally 
available  to  a  wider  pubHc.  The  present  volume,  revised  and  brought 
up  to  date  by  Dr.  Wulff,  as  far  as  war  conditions  permitted  him  to  do 
so,  has  been  excellently  translated  by  Miss  Elisabeth  Brissenden,  work- 
ing in  close  association  with  Dr.  Wulff  in  Leningrad.  It  constitutes 
the  first  part,  covering  general  and  theoretical  problems,  of  a  projected 
three  volume  work  on  historical  plant  geography.  The  second  part, 
devoted  to  a  History  of  the  Floras  of  the  World,  was  completed  and, 
at  the  outbreak  of  the  present  war,  ready  for  publication  under  the 
auspices  of  the  Academy  of  Sciences  of  the  U.  S.  S.  R.  in  Leningrad. 
The  third  part,  dealing  with  the  changes  in  floras  caused  by  man's 
activities,  is  in  the  course  of  preparation.  It  is  to  be  hoped  that  after 
these  two  volumes  are  published,  English  versions  of  both  may  appear 
corresponding  to  this  one. 

The  present  volume  consists  of  eleven  chapters  opening  with  one 
covering  the  scope  of  the  subject,  the  relationships  to  allied  sciences,  and 
methods  of  investigation,  and  closing  with  an  excellently  prepared  one 
on  the  concept  of  floral  elements.  Between  these  two  chapters,  in  much 
detail,  is  considered  the  history  of  the  science,  areas:  their  types  and 
origins,  parallelisms  in  the  geographical  distribution  of  plants  and  ani- 
mals, artificial  and  natural  factors  in  relation  to  the  geographic  dis- 
tribution of  plants,  migrations  of  species  and  of  floras  and  their  causes, 
and  the  historical  causes  for  the  present  structure  of  areas  and  the 
composition  of  floras. 

Thus  in  this  single  volume  students  and  investigators  will  find  as- 
sembled in  one  place  a  great  amount  of  well  coordinated  data,  pre- 
sented in  a  lucid  manner,  that  should  greatly  lighten  their  burdens,  and 
act  as  a  stimulant  to  further  investigations.  Much  work  remains  to  be 
done  and  some  of  the  theories  discussed  need  further  testing  through 
the  laborious  process  of  assembling  further  details.  The  publication  of 
this  volume  in  English  now  makes  Dr.  Wulff's  views  very  generally 
available  to  a  wide  public.  The  author,  the  translator,  and  the  pub- 
lisher deserve  sincere  thanks,  for  the  present  volume  is  a  mine  of 
logically  and  authoritatively  discussed  information  on  the  subject. 

Dr.  Wulpf's  enthusiastic  adherence  to  the  Wegener  hypothesis  will  not  be  accepted 
by  all  plant  geographers  and  geologists;  many,  in  fact,  are  strongly  opposed  to  it.  Al- 
though it  is  interesting  to  note  that  Wegener's  theory  has  recently  enjoyed  support  in 
geological  circles  (see  Sir  Thomas  Holland's  recent  Bruce-PreUer  lecture  on  the  problems 
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of  continental  drift,  Proc.  Roy.  Soc.  Edinb.  B,  6i,  II  (13),?.  149  et  seq.  1 941),  others  take 
violent  exception  to  it  (see  Bailey  Wans,  On  the  Life  History  of  Theory,  Am.  Scientist 
30:290,  1942). 

From  a  purely  botanical  standpoint  I  compiled  certain  data  from  the  published  volumes 
of  the  second  edition  of  the  Englee-Prantl  "Natiirliche  Pflanzenfamilien",  in  which  all 
the  known  genera,  approximating  2811  in  all  the  families  of  the  Gymnospermae,  26  families 
of  the  Monocotyledoneae,  and  95  families  of  the  Dicotyledoneae  are  considered.  Only  about 
180  of  these  2800  genera  have  species  common  to  both  hemispheres.  This  is  a  good 
case  of  random  sampling  as  the  groups  considered  include  many  famiUes  of  plants  that  are 
strictly  tropical,  and  many  such  as  the  Pinaceae,  Cupressaceae,  Liliaceae,  Saxifragaceae, 
Rosaceae,  Cruciferae,  Caryophyllaceae,  and  others,  that  are  very  well  developed  in  the  tem- 
perate zone  with  a  fair  number  of  representatives  even  in  the  far  north.  The  genera  that 
are  common  to  both  hemispheres  are  but  about  6.3  percent  of  the  total.  Were  strictly 
tropical  groups  considered,  it  would  be  much  smaller.  I  merely  cite  these  figures  for  what 
they  may  be  worth,  but  were  the  theory  of  drifting  continents  correct  one  would  logically 
expect  to  find  a  great  number  of  genera  common  to  the  tropics  of  both  hemispheres. 

The  editors  of  Chronica  Botanica  are  under  obligations  to  Dr. 
H.  M.  Raup,  of  the  Arnold  Arboretum,  and  to  Dr.  and  Mrs.  Stanley 
A.  Cain,  of  the  University  of  Tennessee,  for  their  assistance  and  advice 
in  preparing  the  present  text  for  the  press. 

The  appearance  of  this  volume  at  this  time  emphasizes  the  fact  that 
science  is  not  limited  by  international  boundaries  and  that  the  work  of 
one  investigator  prosecuted  in  one  country  under  one  regime,  contrib- 
utes materially  to  the  advancement  of  knowledge  in  all  countries.  I 
should  like  to  quote  a  statement  of  Mr.  Raymond  Fosdick  in  a  recent 
report  of  the  Rockefeller  Foundation:  "In  the  shadows  that  are  deepen- 
ing over  Europe  the  lights  of  learning  are  fading  one  by  one.  The 
conception  of  knowledge  as  an  international  responsibility  has  vanished. 
The  free  flow  of  ideas  across  boundary  lines  between  laboratories  and 
universities  had  dried  up.  Elsewhere  the  exigencies  of  war  have  erased 
the  opportunities  for  intellectual  and  cultural  life  as  that  term  was 
understood  a  few  years  ago."  And  yet,  in  spite  of  the  war,  and  in 
spite  of  the  fact  that  the  U.  S.  S.  R.  has  suffered  most  grievously,  it 
has  been  possible  to  provide  for  the  English  translation  of  the  present 
volume  in  Russia,  and  its  publication  in  the  United  States  of  America. 

The  author.  Dr.  E.  V.  Wulff,  was  born  in  1885.  He  received  his 
Ph.D.  degree  from  the  University  of  Vienna  in  1910.  He  is  well  known 
for  his  publications  deahng  with  historical  plant  geography,  on  the 
flora  of  Crimea,  various  phases  of  economic  botany,  and  systematic 
work  on  the  Scrophulariaceae.  He  is  Curator  of  the  Herbarium,  De- 
partment of  Geography  of  Cultivated  Plants  of  the  Institute  of  Plant 
Industry  of  the  U.  S.  S.  R.,  Leningrad. 

Appended  to  this  foreword  is  a  statement  prepared  by  Dr.  Hugh 
M.  Raup  of  the  Arnold  Arboretum,  in  which  various  significant  papers 
are  listed,  supplementing  the  numerous  references  given  by  Dr.  Wulff. 
Most  of  these  appeared  in  the  interim  between  the  publication  and 
revision  of  the  original  Russian  edition  and  this  EngHsh  translation  of 
Wulff's  work. 

Elmer  D.  Merrill 

Jamaica  Plain,  Mass.,  U.  S.  A.  Adminislrator    of    Botanical    Col- 

ChmSTMAS,   1942  lections,    Harvard    University,    and 

Director  of  the  Arnold  Arboretum 


For  the  student  of  plant  geography,  one  of  the  chief  merits  to  be  found  in  this  trans- 
lation is  its  analysis  and  discussion  of  a  large  amount  of  continental,  especially  Russian, 
literature  which  would  not  otherwise  be  readily  available.  It  will  be  not  less  useful  for  its 
lucid  discussions  of  the  classic  concepts  upon  which  much  of  modern  floristic  plant  geog- 
raphy is  based.  On  the  other  hand,  students  will  undoubtedly  miss  a  number  of  references 
to  American  literature  which  deal  with  the  various  subjects  that  make  up  Professor  Wulff's 
work.  This  is  particularly  true  of  a  number  of  very  recent  papers,  many  of  which  will  be 
found  to  add  greatly  to  the  argument  of  the  book.  The  exigencies  of  transportation  during 
war  time  have  of  course  made  it  extremely  difficult  for  students  on  two  sides  of  the  world 
to  keep  up  with  one  another's  work.  It  may  therefore  be  suitable  to  add  some  notices  of 
papers  that  are  outstanding  in  the  fields  they  represent.  The  following  paragraphs  are 
not  to  be  considered  in  any  sense  complete,  therefore,  and  are  offered  merely,  in  accordance 
with  Dr.  WuLFP's  desires  as  expressed  to  the  editor  of  this  series,  as  aids  toward  the  com- 
pletion of  certain  chapters  of  the  book. 

The  historical  and  classic  phases  of  geographic  botany  have  had  a  brief  but  excellent 
treatment  in  "A  Short  History  of  the  Plant  Sciences"  by  H.  S.  Reed  (Chronica  Botanica 
Co.,  1942);  while  an  earlier  American  paper  by  E.  L.  Greene  on  "Landmarks  of  Botanical 
History"  (Smithsonian  Miscel.  CoU.,  igog),  though  not  cited  by  Wulff,  will  yield  much  of 
value.  With  regard  to  the  significance  of  Alexander  von  Humboldt  as  the  founder  of 
modern  phytogeography,  discussed  by  Wulff  on  p.  11,  the  reader  wiU  find  further  ma- 
terial in  a  recent  book  by  Richard  Hartshorne  on  "The  Nature  of  Geography"  (Ann. 
Ass.  Am.  Geogr.  29:  171-658,  1939;   reprinted  in  book  form  with  separate  paging). 

Some  of  the  criteria  for  the  determination  of  center  of  area,  treated  at  some  length  by 
Wulff  in  his  third  chapter,  were  outlined  many  years  ago  in  America  by  C.  C.  Adams: 
"Southeastern  United  States  as  a  Center  of  Geographic  Distribution  of  Flora  and  Fauna" 
(Biol.  Bull.  3:  1x5-31,  1902).  Adams'  criteria  have  been  critically  re-examined  and  ex- 
tended by  Stanley  A.  Cain  in  a  paper  now  in  press. 

The  problems  centering  in  the  origin  of  geographic  areas  are,  as  Wulff  makes  clear 
(Chapter  IV),  closely  allied  to  those  of  speciation.  A  number  of  papers  have  appeared 
recently  in  American  biological  literature  which  touch  upon  these  problems,  and  since  they 
appear  to  have  advanced  our  thinking  considerably,  a  few  of  the  more  important  will  be 
cited.  Dobzhansky's  book  on  "Genetics  and  the  Origin  of  Species"  (Col.  U.  P.,  2nd  ed., 
1941)  contains  stimulating  discussion  of  some  of  the  geographic  aspects  of  speciation.  Re- 
sults of  the  extensive  transplant  experiments  carried  on  by  the  Carnegie  Institution  in 
California  have  far-reaching  implications  for  American  students  of  floristic  geography. 
They  have  been  published  by  J.  Clausen,  D.  D.  Keck  and  W.  M.  Hiesey  in  "Experi- 
mental Studies  in  the  Nature  of  Species,  I.  Eilect  of  varied  environments  on  Western 
American  Plants"  (Carn.  Inst.  Wash.  Publ.  520,  1940).  Other  aspects  of  the  genetical 
approach  to  geographic  problems  are  to  be  found  in  papers  cited  below  in  supplementing 
Wulff's  treatment  of  migration  (Chapter  IX).  The  relation  of  recent  studies  of  poly- 
ploidy to  geographic  problems  is  noted  in  papers  by  Edgar  Anderson,  "Cytology  in  its 
Relation  to  Taxonomy"  (Bot.  Rev.  3:  335-50,  1937),  and  by  G.  L.  Stebbins,  "The 
Significance  of  Polyploidy  in  Plant  Evolution"  (Am.  Nat.  74:  54-56,  1940). 
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The  chapter  on  "Types  of  Areas"  (V)  could  be  illustrated  more  extensively  from 
American  Uterature  than  Wulff  has  done.  Maps  prepared  by  M.  L.  Fernald  and  pub- 
lished in  various  papers  by  him  yield  a  wealth  of  material  in  this  connection.  The  following 
are  references  to  a  few  of  them:  "Persistence  of  Plants  in  Unglaciated  Areas  of  Boreal 
America"  (Mem.  Gray  Herb.  2,  1925);  "The  Antiquity  and  Dispersal  of  Vascular  Plants" 
(Quart.  Rev.  Biol,  i:  212-45,  1926);  "Some  Relations  of  the  Floras  of  the  Northern  Hemi- 
sphere" (Proc.  Int.  Cong.  PI.  Sci.  2:  1487-1507,  1929);  "Specific  Segregations  and  Identi- 
ties in  Some  Floras  of  Eastern  North  America  and  the  Old  World"  (Rhodora  33:  25-63, 
1931);  "Recent  Discoveries  in  the  Newfoundland  Flora"  (Contr.  Gray  Herb.  loi,  1933); 
"A  Century  of  Additions  to  the  Flora  of  Virginia"  (Contr.  Gray  Herb.  133,  1940).  The 
perplexing  problem  of  species  with  ranges  divided  between  North  and  South  America  has 
been  discussed  recently  by  G.  E.  Du  Rietz  in  "Problems  of  Bipolar  Distribution"  (Acta 
Phytogeog.  Suecica  13:  215-82,  1940).  Students  will  find  useful  data  on  the  marginal 
phenomena  of  plant  ranges,  treated  briefly  by  Wulff  on  p.  67,  in  papers  by  R.  F.  Griggs 
on  his  investigations  of  timberlines:  "The  Edge  of  the  Forest  in  Alaska"  (Ecology  15: 
80-96,  1934);  "Timberlines  in  the  Northern  Rocky  Mountains "  (Ecology  19;  548-64,  1938); 
"Indications  as  to  Climatic  Changes  from  the  TimberHne  of  Mount  Washington"  (Science 
9S:    515-19,  1942). 

Around  the  general  subject  of  plant  migrations  and  their  causes  there  has  grown  an 
imposing  literature,  both  European  and  American.  Students  in  the  Americas  will  welcome 
Wulff's  resume  of  the  European  material,  but  will  no  doubt  wish  that  circumstances  had 
permitted  him  to  correlate  it  more  fully  with  recent  American  work.  The  whole  matter 
has  been  greatly  enlarged  and  complicated  in  recent  years  by  the  insertion  of  genetical 
interpretations  of  plant  behavior.  It  will  be  impossible  to  do  more  than  cite  a  few  of  the 
American  papers  which  touch  the  problem. 

Hult^n's  paper  on  an  "Outline  of  the  History  of  Arctic  and  Boreal  Biota  During  the 
Quartemary  Period"  (Stockholm,  1937)  greatly  extended  many  of  the  ideas  already  ex- 
pressed by  Fernald  on  Glacial  and  post-Glacial  dispersal  (see  above,  "Persistence,  etc."). 
The  controversial  issues  of  the  "nunatak  hypothesis"  raised  by  Fernald  have  engendered 
considerable  stimulating  discussion,  much  of  which  is  summarized  in  papers  by  Frere 
Marie- ViCTORiN,  " Phy togeographical  Problems  of  Eastern  Canada"  (Am.  Midland  Nat. 
19:  489-558,  1935);  V.  C.  Wynne-Edwards,  "Isolated  Arctic-alpine  Floras  in  Eastern 
North  America:  a  Discussion  of  Their  Glacial  and  Recent  History"  (Trans.  Roy.  Soc. 
Can.  III.  31(5):  1-26,  1937)  and  "Some  Factors  in  the  Isolation  of  Rare  Alpine  Plants" 
(Trans.  Roy.  Soc.  Can.  III.  33(5):  35-42,  1939;  R.  F.  Griggs,  "The  Ecology  of  Rare 
Plants"  (Bull.  Torr.  Bot.  Club  67:  575-94,  1940);  and  by  H.  M.  Raup,  "Botanical  Prob- 
lems in  Boreal  America"  (Bot.  Rev.  7:  147-248,  1941). 

Notable  advances  in  our  knowledge  of  the  origin  and  development  of  the  great  deciduous 
forest  complex  of  eastern  America  have  been  made  in  recent  years  by  a  number  of  students. 
A  paper  by  H.  A.  Gleason  in  1923  on  "The  Vegetational  History  of  the  Middle  West" 
(Ann.  Ass.  Am.  Geogr.  12:  39-85)  has  been  followed,  in  the  more  purely  floristic  field,  by 
Fernald's  "Specific  Segregations  and  Identities,  etc."  (see  above),  E.  L.  Core's  "Plant 
Migrations  and  Vegetational  History  of  the  Southern  Appalachian  Region"  (Lilloa  3:  5-29, 
1938),  E.  Lucy  Braun's  papers  on  the  "Afiinities  of  the  Flora  of  the  lUinoian  Till  Plain 
of  Southwestern  Ohio"  (Rhodora  37:  349-61,  1935)  and  "Some  Relationships  of  the  Flora 
of  the  Cumberland  Plateau  and  Cumberland  Mountains  in  Kentucky"  (Rhodora  39: 
193-208,  1937);  and  by  S.  A.  Cain's  "Certain  Floristic  Affinities  of  the  Trees  and  Shrubs 
of  the  Great  Smoky  Mountains  and  Vicinity"  (Butler  Univ.  Bot.  Stud,  i:  129-150,  1930). 
Vegetational  phases  of  the  problem  have  been  dealt  with  by  Miss  Braun  in  a  series  of 
papers  on  the  flora  of  southern  Ohio  and  Kentucky:  "Glacial  and  post-Glacial  Migrations 
Indicated  by  ReUc  Colonies  of  Southern  Ohio"  (Ecology  9:  284-302,  1928);  "The  Un- 
differentiated Deciduous  Forest  Climax  and  the  Association  Segregate"  (Ecology  16: 
514-19,  1935);  "The  Differentiation  of  the  Deciduous  Forest  of  Eastern  United  States" 
(Ohio  Jour.  Sci.  41:  235-41,  1941);  "The  Forests  of  the  Cumberland  Mountains"  (Ecol. 
Monogr.  12:  415-47,  1942).  The  recent  status  of  the  eastern  prairie-forest  boundary  prob- 
lem was  summarized  in  1935  by  E.  N.  Transeau  in  "The  Prairie  Peninsula"  (Ecology 
16:  423-37). 

Some  recent  papers  on  the  interior  plains  of  the  continent  are  by  Clements  and 
Chaney  on  "Environment  and  Life  in  the  Great  Plains"  (Carnegie  Inst.  Wash.  Suppl. 
Publ.  24:  1-54,  1937);    Forrest  Shreve  on  "The  Desert  Vegetation  of  North  America" 


Historical  Plant  Geography  — xi —  Foreword 

(Bot.  Rev.  8:  195-246,  1942);  and  I.  M.  Johnston  on  the  "Floristic  Significance  of  Shrubs 
Common  to  North  and  South  American  Deserts"  (Jour.  Am.  Arb.  21:  356-63,  1940). 
The  affinities  of  the  vegetation  of  the  northern  interior  plains  have  been  discussed  in  papers 
by  Raitp:  "  Phytogeographic  Studies  in  the  Peace  and  Upper  Liard  River  Regions,  Canada" 
(Contr.  Am.  Arb.  6,  1934);  "Botanical  Investigations  in  Wood  Buffalo  Park"  (Nat.  Mus. 
Can.  Bull.  74,  1935). 

There  have  been  but  few  papers  in  recent  years  on  the  historical  plant  geography  of  the 
North  American  Cordillera.  Problems  in  the  alpine  flora  of  the  more  northerly  areas  were 
dealt  with  in  part  by  Hulten  ("History  of  Arctic  Biota,  etc.");  and  the  arctic  affinities  of 
the  alpine  flora  of  the  central  Rockies  were  treated  somewhat  earlier  by  Theodore  Holm 
in  "Contributions  to  the  Morphology,  Synonymy,  and  Geographic  Distribution  of  Arctic 
Plants"  (Rept.  Can.  Arct.  Exped.,  1913-1918,  5:  pt.  B,  1-139,  1922),  and  in  "The  Vege- 
tation of  the  Alpine  Region  of  the  Rocky  Mountains  in  Colorado"  (Mem.  Nat.  Acad.  Sci., 
Wash.  19':  1-43,  1923).  G.  N.  Jones  had  discussed  the  phytogeography  of  the  Olympic 
Mountains  of  Washington  in  "A  Botanical  Survey  of  the  Olympic  Peninsula,  Washington" 
(Univ.  Wash.  Publ.  Bot.  5:  1-286,  1936).  A  recent  paper  by  Herbert  L.  Mason,  on  the 
"Distribution  History  and  Fossil  Record  of  Ceanothus"  (in  "Ceanothus",  by  M.  Van 
Rensselaer,  pp.  281-303,  Publ.  Santa  Barbara  Bot.  Gard.,  1942),  contains  a  summary  of 
some  current  ideas  on  the  history  of  Cordilleran  floras. 

The  genetical  approach  to  problems  of  migration  and  area  has  been  adequately  sum- 
marized very  recently  by  G.  L.  Stebbins  in  "The  Genetic  Approach  to  Problems  of  Rare 
and  Endemic  Species"  (Madrono  6:  241-58,  1942).  These  views  were  put  into  practice  on 
a  regional  floristic  scale  by  Hult;6n  in  his  "Arctic  and  Boreal  Biota,  etc."  (see  above),  and 
their  implications  for  all  students  of  the  boreal  American  flora  have  been  suggested  by 
Raup  in  "Botanical  Problems,  etc."  (see  above). 

Botanical  aspects  of  the  theory  of  continental  drift  have  been  almost  entirely  neglected 
by  American  students.  A  brief  paper  (in  abstract  form)  by  W.  H.  Camp  on  "  Continental 
Displacement  and  the  Origin  of  American  Floras"  (Proc.  8th  Pan  Am.  Sci.  Cong.  3:  193-4, 
1942)  is  one  of  the  very  few  that  have  appeared.  Wuiff's  review  of  European  views  on 
the  matter  (Chapter  X)  should,  therefore,  be  of  great  interest. 

Hugh  M.  Raup 
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Chapter  I 

HISTORICAL  PLANT  GEOGRAPHY  —  SCOPE, 

RELATION  TO  ALLIED  SCIENCES,  METHODS 

OF  INVESTIGATION 

Scope  and  Name  of  the  Science:  —  Historical  plant  geography  has  as 
its  aim  the  study  of  the  distribution  of  species  of  plants  now  existing 
and,  on  the  basis  of  their  present  and  past  areas,  the  elucidation  of  the 
origin  and  history  of  development  of  floras,  which,  in  turn,  gives  us  a 
key  to  an  understanding  of  the  earth's  history.  In  this  respect  histori- 
cal geography  of  plants  and  animals  is  a  direct  continuation  of  his- 
torical geology.  The  latter  science  bases  its  conclusions  on  a  study  of 
fossil  organisms,  both  of  animal  and  plant  origin.  Consequently,  its 
penetration  into  a  knowledge  of  the  history  of  our  planet  carries  us  no 
further  than  the  Tertiary  or  the  beginning  of  the  Quaternary  Period. 
From  then  on  the  further  study  of  the  past  fates  of  the  earth  passes 
over  to  the  biologist,  who,  on  the  basis  of  the  present  distribution  of 
living  organisms  and  of  data  regarding  their  past  habitats,  determines 
those  changes  which  occurred  in  that  complex  combination  of  diverse 
factors  as  a  result  of  the  interaction  by  which  the  areas  of  these  organ- 
isms have  been  established.  By  an  analysis  of  these  changes  he  con- 
tributes to  the  task  of  reconstructing  the  past  aspect  of  the  earth  and 
its  history. 

The  vegetation  of  our  planet  is  under  the  constant  influence  of  the 
most  diverse  factors  facilitating  or  hampering  its  development.  These 
factors  affecting  the  earth's  vegetation  not  only  functioned  in  past 
geological  periods,  when  changes  in  the  configuration  and  location  of 
the  continents,  the  formation  of  new  mountain  systems,  the  trans- 
gression and  regression  of  seas,  and  changes  in  climatic  conditions 
called  forth  changes  in  the  distribution  of  plants  leading  to  the  creation 
of  their  present  areas;  these  factors,  to  which  has  been  added  another 
major  one,  man's  activities,  have  also  continued  to  function  in  the 
present  period  of  the  earth's  history. 

The  more  recent  changes  in  the  earth's  vegetation — the  disappear- 
ance of  forests,  the  formation  of  deserts,  the  draining  of  swamps  and 
changes  in  their  vegetation,  the  crowding  out  of  some  species  by  others, 
the  destruction  or  dying  out  of  single  species  or  whole  floras  and  their 
replacement  by  cultivated  vegetation — which  may  frequently  be  traced 
from  historical  data  likewise  constitute  one  of  the  chapters  in  historical 
plant  geography. 

This  conception  of  the  scope  of  this  branch  of  botanical  geography 
leads  us  also  to  the  name  by  which  we  designate  it,  "historical  plant 
geography".  The  introduction  of  this  term  should,  we  believe,  be 
ascribed  in  part  to  Stromeyer  but  chiefly  to  Schouw,  who  used  it  in 
his  "Grundziige  einer  allgemeinen  Pflanzengeographie "  (1822)  to  desig- 
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nate  the  branch  of  science  we  are  discussing.  Later  Alphonse  de 
Candolle  called  it  "epiontology".  Engler  called  it  "  Entwicklungs- 
geschichtliche  Pflanzengeographie ",  seeing  in  the  history  of  the  de- 
velopment of  floras  the  chief  task  of  this  branch  of  botanical  geography. 
DiELS  and  Schroter  gave  it  the  name  "genetic  plant  geography", 
returning  in  essence  to  de  Candolle's  term.  (For  a  schematic  presen- 
tation of  the  different  views  on  this  question  see  the  table  below). 

Terms  Employed  by  Various  Authors  to  Designate  the  Three 
Main  Branches  of  Plant  Geography:  — 


branches  of  plant  geography 

AUTHOR 

Floristic 

Ecological 

Historical 

WiLLDENOW   (1792) 

Geschichte'der 

Geschichte  der 

Geschichte  der 

Pflanzen 

Pflanzen 

Pflanzen 

Stromeyer  (i8oo) 

Vegetabilium  geo- 

Phyto-geographia 

Historia  vegetabi- 

graphia 

lium  geographica 

Humboldt  (1807) 

Geographic  der 

Geographic  der 

Geographic  der 

Pflanzen 

Pflanzen 

Pflanzen 

DE  Candolle,  Aug. 

Geographic  bota- 

G6ographie  bota- 

Geographic  bota- 

(1820) 

nique 

nique 

nique 

ScHouw  (1822) 

Pflanzengeographie 

Pflanzengeographie 

Geschichte  der 
Pflanzen 

DE  Candolle,  Alphonse 

— 

— 

G6ographie  bota- 

(i8ss) 

nique  raisonn^e 
(Epiontologie) 

Grisebach  (i866) 

Topographische 

Klimatologischc 

Geologische  Geo- 

Geobotanik 

Geobotanik 

botanik 

Drude  (1890) 

Topographische  Geo- 

Klimatologischc 

Geologische  Geo- 

botanik. Vegeta- 

Geobotanik 

botanik 

tions-physiognomic 

Engler  (1899) 

Floristische  Pflan- 

Physiologische 

Entwicklungsgc- 

zengeographie 

Pflanzengeographie 

schichtliche  Pflan- 
zengeographie 

Diels  (1908) 

Floristische  Pflan- 

Oekologische Pflan- 

Genetische Pflan- 

zengeographie 

zengeographie 

zengeographie 

Graebner   (1910) 

Floristische  Pflan- 

Oekologische Pflan- 

Genetische Pflan- 

zengeographie 

zengeographie    ' 

zengeographie 

RUBEL   {1922) 

Chorologische  Geo- 

Oekologische Geo- 

Genetische Geo- 

botanik 

botanik 

botanik 

Schroter  (1913) 

Genetische  Pflanzen- 
geographie Oder 
Epiontologie 

Hayek  (1926) 

Floristische  Pflan- 

Oekologische Pflan- 

Entwicklungs- 

zengeographie 

zengeographie 

geschichtliche  oder 
historische    Pflan- 
zengeographie 

The  term  "geobotany"  was  first  used  in  1866  by  Grisebach  to 
designate  all  branches  of  botanical  geography,  and  it  was  used  in  the 
same  sense  by  Drude  (1890)  and  later  by  Rijbel  (1922-1927). 

But  in  the  same  year  as  Grisebach,  either  independently  or  per- 
haps under  the  influence  of  the  "Vegetation  der  Erde"  by  this  author, 
there  was  published  in  Russia  a  memoir  by  Ruprecht  entitled  "Geo- 
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botanical  Studies  of  the  Black-Soil  Zone",  in  which  the  term  "geo- 
botanical"  is  used  not  in  the  broad  sense  in  which  it  was  employed  by 
Grisebach  but  in  a  narrower  sense.  By  "geobotany"  Ruprecht  ap- 
parently meant  only  that  part  of  botanical  geography  which  is  con- 
cerned with  a  study  of  the  history  of  the  distribution  of  species  and  the 
development  of  floras  or — as  Litvinov  (1895),  the  well-known  specialist 
on  the  problems  we  have  under  consideration  in  this  book,  expressed 
it — with  an  elucidation  "of  the  extent  to  which  the  age  of  a  land  is 
reflected  in  the  present  distribution  of  plants". 

Later,  geobotany  came  to  mean  only  the  interrelations  between  soil 
and  vegetation,  i.e.,  the  use  of  this  term  was  narrowed  down  to  em- 
brace not  all  but  only  part  of  ecological  plant  geography.  And,  finally, 
in  recent  times  geobotany  has  come  to  mean  the  science  dealing  with 
plant  associations.  In  view  of  the  great  confusion  in  the  use  of  this 
term,  it  seems  advisable  to  adopt  some  more  concrete  term. 

All  the  other  names  proposed  likewise  have  their  drawbacks.  Eng- 
ler's  "  Entwicklungsgeschichtliche  Pflanzengeographie  " — although  it 
comes  closest  to  our  concept,  stressing  precisely  as  it  does  problems  of 
the  history  of  the  development  of  floras — is  exceedingly  cumbrous  and 
difficult  to  translate  into  other  languages.  Diels'  "genetische  Pflan- 
zengeographie" embraces  only  problems  of  the  origin  of  floras  and  does 
not  reflect  their  historical  development  and  present  fate;  also  in  sound 
it  very  closely  resembles  an  entirely  different  science,  genetics,  in  which, 
moreover,  at  the  present  time  there  has  developed  a  special  branch 
known  as  "genogeography".  The  term  "genetic  plant  geography"  is 
particularly  inacceptable,  because  it  stresses  the  initial  moments  in  the 
history  of  species  and  floras,  entirely  ignoring  the  dynamics  of  their 
development  and  distribution.  The  task  of  historical  plant  geography 
is  to  picture  the  distribution  of  plants  not  statically  but  as  a  historical 
process. 

It  is  likewise  erroneous  to  include  in  this  branch  of  plant  geography 
only  the  genesis  of  the  areas  of  species.  Historical  plant  geography 
aims  to  elucidate  not  only  the  origin  and  history  of  the  distribution  of 
species  but,  to  no  less  an  extent  and  even  as  its  chief  task,  the  history 
of  the  development  of  floras,  and  the  genesis  of  floras  may  not  at  all 
coincide  either  in  place  or  time  of  origin  with  the  genesis  of  many  of 
the  species  forming  these  floras. 

The  term  "historical  plant  geography"  has  its  disadvantages,  since 
"history"  is  often  understood  as  embracing  only  those  events  hnked 
with  the  period  of  man's  existence,  and  some  botanical  geographers 
{e.g.,  Stromeyer,  1880,  Historia  vegetabilium  geographica  applicata; 
Flahault,  1907,  Phytogeographie  historique)  have  limited  this  term 
to  designate  only  those  changes  in  the  plant  world  which  have  occurred 
as  a  result  of  man's  activities. 

Nevertheless,  we  adhere  to  this  last  term,  "historical  plant  geog- 
raphy", since  we  consider  that  for  the  given  branch  of  botanical 
geography,  closely  linked  with  historical  geology,  this  is  the  most 
suitable  designation,  being  a  concept  broad  enough  to  embrace  all  the 
diverse  tasks  involved  in  a  branch  of  knowledge  concerned  with  a  study 
of  the  development  of  present-day  vegetation  in  its  historical  and 
geographical  perspectives. 
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Relation  to  Paleobotany:  —  Studying  the  present  distribution  of 
plants,  historical  plant  geography  cannot  but  investigate  their  past 
distribution,  since  only  on  the  basis  of  the  latter  can  their  present  areas 
be  understood.  Unfortunately,  fossil  plants  are  to  be  found  in  very 
small  numbers  and  often  in  such  a  condition  that  it  is  impossible  to 
identify  them.  Nevertheless,  even  the  little  that  we  know  about  the 
vegetation  of  earlier  geological  periods,  particularly  of  the  Tertiary 
Period,  gives  us  very  valuable  indications  as  to  the  former  distribution 
of  genera  and  species  of  plants,  some  of  which  are  still  in  existence,  and 
this  in  turn  gives  a  basis  for  determining  the  cUmates  and  distribution 
of  land  areas  in  those  remote  times.  Consequently,  paleobotany  is  a 
necessary  basis  for  historical  plant  geography,  but  the  latter  does  not 
cover  the  same  ground  as  the  former,  despite  the  closeness  of  the  aims 
of  research  in  the  two  sciences.  Paleobotany  makes  a  study  not  only 
of  the  taxonomy,  morphology,  biology,  and  geography  of  fossil  plants 
but  also  of  the  history  of  development  of  the  floras  of  former  geological 
periods,  in  this  latter  respect  constituting  a  science  parallel  to  that  of 
the  historical  geography  of  plants  now  living.  Historical  plant  geog- 
raphy begins  its  work  at  the  point  where  paleobotany  leaves  o_ff. 

Relation  to  Phylogenetic  Taxonomy:  —  Phylogenetic  taxonomy  of 
plants  has  as  its  aim  the  arrangement  of  plants  (now  or  formerly  exist- 
ing) in  a  system  based  on  the  degree  of  their  kinship  and  the  history 
of  their  development.  In  connection  with  this  aim  modern  plant 
taxonomy  should  use  fully  objective  methods  of  determining  relation- 
ships. At  present  no  one  longer  doubts  that  the  morphological  method 
of  comparison  alone  cannot  give  sufficiently  trustworthy  data  as  to  the 
relationship  of  taxonomic  units.  Consequently,  there  have  been 
advanced  several  objective  methods  of  establishing  the  relationship 
between  species  and  forms  being  studied.  Among  such  methods  is  that 
introduced  by  Wettstein  (1898)  under  the  name  "geographical- 
morphological  method  of  plant  taxonomy".  This  method  has  proved 
to  be  exceptionally  fruitful,  and  to  the  present  time  is  widely  used  in 
monographs  on  plant  taxonomy.  It  is  founded  on  the  supposition, 
based  on  a  number  of  extensive  investigations,  that  there  exist  close 
interrelations  between  species-formation  and'  habitat  conditions. 
Habitat  conditions  vary  not  only  in  relation  to  time  but  also  in  re- 
lation to  space.  Hence,  it  is  quite  clear  that  species  arising  as  a  result 
of  adaptation  to  or  the  effect  of  conditions  characteristic  of  a  definite 
area  should  occupy  this  area.  Consequently,  on  the  basis  of  the  dis- 
tribution of  plants  one  may  draw  conclusions  as  to  their  origin. 

Species  may  be  divided  into  three  main  groups  according  to  the 
conditions  and  time  of  their  origin.  To  the  first  group  belong  those 
species  which  have  arisen  comparatively  recently  as  a  result  of  adap- 
tation to  new  habitat  conditions,  to  which  they  have  been  subjected 
either  due  to  their  migration  beyond  the  limits  of  their  initial  area  or 
due  to  changes  in  conditions  within  part  of  their  area.  Such  species 
are,  presumably,  very  closely  related  to  the  species  from  which  they 
arose,  inhabit  contiguous  but  not  overlapping  areas,  and  are  linked 
by  a  number  of  transitional  forms  not  of  hybrid  origin. 

To  the  second  group  belong  species  of  more  ancient  origin.     Such 
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species  inhabit  areas  separated  from  one  another  but  lying  within  the 
area  of  another  related  species,  or  they  are  separated  by  a  region  unoccu- 
pied due  to  the  dying  out  of  intermediate  species,  or,  in  case  they  al- 
ready differ  sufficiently  as  regards  conditions  of  habitat,  overlapping 
areas.  Such  species  naturally  differ  greatly  from  one  another  mor- 
phologically, and  are  usually  not  linked  by  any  transitional  forms. 

These  first  two  categories  of  species  appeared  in  northern  and  cen- 
tral Europe  in  the  post-glacial  period  in  contrast  to  the  third  group  of 
species,  which  existed  in  the  Tertiary  Period  and  were  preserved  during 
the  Glacial  Period  either  in  southern  Europe  or  beyond  its  boundaries, 
whence  in  unaltered  form  they  penetrated  Europe  proper  only  after 
the  recession  of  the  glaciers. 

From  the  foregoing  it  is  clear  that  phylogenetic  taxonomy  can  de- 
rive much  from  the  geographical  distribution  of  species  in  its  task  of 
determining  their  relationships.  Historical  plant  geography,  on  the 
other  hand,  can  determine,  on  the  basis  of  the  relationship  between 
species,  the  history  of  their  origin  and  migrations,  and  thus  approach 
its  chief  task,  the  elucidation  of  the  history  of  floras. 

Relation  to  Paleogeography:  —  Paleogeography  is  a  new  branch  of  geo- 
graphical science.  One  of  the  numerous  methods  by  the  aid  of  which 
paleogeography  approaches  a  solution  of  its  tasks  is  the  paleo-bio- 
geographical  method,  founded  on  a  study  of  the  former  distribution  of 
living  organisms.  Paleontological  data,  due  to  their  chance  and  in- 
adequate nature,  are  not  capable  of  solving  problems  as  to  the  former 
distribution  of  plants  and  animals  on  the  earth's  surface,  which  make  it 
necessary  for  the  paleogeographer  to  seek  in  biological  data  for  that 
which  geology  fails  to  give  him.  Consequently,  biogeography  consti- 
tutes one  of  the  necessary  bases  for  paleogeography. 

However,  not  all  branches  of  the  geography  of  living  organisms  are 
equally  useful  in  paleogeographical  research.  Of  exceptional  signifi- 
cance for  the  geography  of  former  periods  of  the  earth's  history  is  the 
historical  geography  of  plants  and  animals.  The  latter,  to  a  consider- 
able degree,  have  outlived  the  various  changes  which  have  taken  place 
on  the  earth's  surface  during  their  long  existence,  but  these  changes 
cannot  but  be  reflected  in  the  present  distribution  of  organisms.  The 
biologist  in  studying  the  latter  stumbled  on  a  number  of  facts,  to  ex- 
plain which  he  took  recourse,  to  some  extent  without  having  sufficient 
geological  data,  to  conclusions  and  h5^othetical  propositions  as  to  the 
former  configuration  of  and  connections  between  the  continents,  which 
in  many  cases  subsequently  proved  to  be  confirmed  by  geological  in- 
vestigations and  now  are  generally  accepted  as  established  facts. 

The  study  of  the  present  areas  of  plants  and  animals,  the  elucida- 
tion of  the  causes  which  brought  them  about,  the  drawing  of  con- 
clusions as  to  the  past  history  of  these  areas — all  these  factors  in  the 
study  of  the  distribution  of  organisms,  constituting  the  essence  of  his- 
torical biogeography,  make  up  one  of  the  cornerstones  on  which  paleo- 
geography is  based.  Paleogeographical  data,  on  the  other  hand, 
constitute  a  basis  for  conclusions  as  to  the  historical  geography  of 
plants  and  animals. 


E.  V.  Wulfif  —6—  Historical  Plant  Geography 

Relation  to  Paleoclimatology:  —  Climatic  conditions  constitute  one 
of  tiie  important  component  factors  which,  taken  together,  determine 
the  present  distribution  of  plants.  Of  exceptional  importance  for 
elucidating  the  history  of  the  former  distribution  of  plants  and,  conse- 
quently, for  an  understanding  of  their  present  areas,  is  an  acquaintance 
with  the  climate  of  past  geological  periods,  when  the  areas  now  under 
investigation  were  formed. 

Conversely,  paleoclimatology  to  a  considerable  degree  bases  its  work 
on  biogeographical  data,  not  only  as  regards  separate  species  but  also 
as  regards  the  distribution  and  character  of  entire  floras.  For  paleo- 
climatological  research  paleogeographical  reconstructions  are,  as 
EcKARDT  (1921)  has  expressed  it,  "der  wichtigste  Lebensquell",  and, 
inasmuch  as  paleogeography  is  based  on  biogeographical  data,  paleo- 
climatology is  also  linked  with  biogeography. 

Relation  to  Historical  Geology:  —  From  all  the  foregoing  it  is  per- 
fectly clear  that,  if  the  chief  object  of  historical  plant  geography  is  to 
explain  the  present  distribution  of  plants  on  the  basis  of  the  history  of 
their  past  habitats,  the  geological  history  of  the  earth's  surface,  the 
history  of  seas  and  lands,  i.e.,  historical  geology,  must  constitute  an 
important  base  for  starting  points  in  investigations  into  historical  plant 
geography.  Data  for  biogeographical  conclusions  as  to  the  former 
character  of  now  discontinuous  areas  of  distribution  of  organisms,  data 
for  hypotheses  regarding  former  connections  between  the  continents, 
without  which  many  factors  in  this  distribution  cannot  be  understood, 
data  as  to  the  presence  of  seas  where  there  is  now  land  and  land  where 
there  are  now  seas,  data  as  to  the  movement  of  glaciers  and  seas  —  in  a 
word,  historical  plant  geography  finds  in  historical  geology  all  that 
which  reconstructs  the  history  of  the  earth.  Biogeographical  conclu- 
sions only  find  definite  confirmation,  when  it  is  possible  to  base  them 
on  a  geological  foundation,  which  historical  geology  alone  can  provide. 
At  the  same  time,  biogeography,  inasmuch  as  it  is  a  source  of  paleo- 
geographical structures,  also  contributes  its  bit  to  the  work  of  his- 
torical geology  in  deciphering  the  pages  of  the  ancient  manuscript  of  the 
earth's  history. 

Methods  Employed  in  a  Historico-Geographical  Study  of  Floras:  — 

The  history  of  the  development  of  any  given  flora  may  be  established 
on  the  basis  of  an  accumulation  of  data,  which  may  be  amassed  by  all 
the  various  modes  of  investigation  which  the  present  state  of  our 
knowledge  places  at  our  disposal.  The  initial  step  should  be  to  ac- 
quaint ourselves  with  the  geological,  paleogeographical,  and  clima- 
tological  history  of  the  territory  of  the  flora  or  floras  under  study. 
An  analysis  of  present-day  floras,  based  on  a  study  of  the  areas  of  their 
component  species,  should  next  be  made  both  by  the  direct  method  of  a 
study  of  paleobotanical  data  and  by  a  number  of  indirect  methods, 
such  as  the  phylogenetic,  botanico-geographical,  ecologico-phyto- 
coenological,  and  biotic.  By  the  last-mentioned  we  mean  a  comparison 
of  the  distribution  of  plants  with  that  of  animals  or  of  the  distribution 
of  plant  hosts  with  that  of  their  parasites. 

Historico-geographical  conclusions  should  be  based,  first  of  all,  on 
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paleobotanical  data,  despite  the  casual  and  fragmentary  nature  of  the 
latter.  The  importance  of  such  data  should  not  be  underestimated, 
since  they  constitute  the  only  direct  evidence  available  for  establishing 
the  history  of  a  flora. 

By  the  phylogenetic  method  we  gain  a  knowledge  of  the  species 
composing  a  given  flora  and  of  their  areas.  Deeper  investigations  along 
this  line  lead  to  monographic  studies  of  certain  groups  of  species  most 
characteristic  of  selected  genera.  On  the  basis  of  such  studies  the 
phylogenetic  direction  of  development  of  these  genera  is  established, 
which,  combined  with  data  from  a  study  of  geographical  distribution, 
points  to  their  centers  of  origin  and  to  the  history  of  their  dispersal 
from  these  centers.  Combining  the  results  obtained  from  such  a  study 
of  genera  representing  the  various  floristic  groups,  we  may  draw  con- 
clusions as  to  the  trend  of  development  of  the  entire  flora  under  in- 
vestigation. 

The  establishment  of  phylogenetic  links  and  relationships  between 
the  species  composing  a  given  genus  is  achieved  by  all  possible  scien- 
tific methods,  of  which  the  chief  is  the  morphological  method.  The 
sequence  of  changes  involving  increased  complexity  of  structure  of 
species  (morphological,  cytological,  anatomical,  biochemical,  etc.)  may 
coincide  with  changes  in  the  geographical  location  of  individual  species 
or  whole  sections  of  a  genus. 

The  trend  of  evolution  of  a  genus  from  primitive  representatives  to 
those  of  more  complex  structure,  from  relic  forms  showing  but  slight 
variation  to  progressive  forms,  as  reflected  in  their  geographical  dis- 
tribution, gives  indications  as  to  the  probable  initial  center  of  develop- 
ment of  a  genus,  its  subsequent  geographical  migration  and  the  routes 
of  the  latter,  the  formation  of  secondary  centers  of  diversity,  the 
appearance  during  the  course  of  such  migration  of  vicarious  species, 
etc.  Such  a  taxonomic  study  of  the  genera  composing  a  given  flora 
constitutes  a  firm  foundation  for  a  simultaneous  or  subsequent  study 
by  the  botanico-geographical  method.  If  the  geographical  method  has 
proved  to  be  exceptionally  valuable  in  a  taxonomic  study  of  plants,  the 
taxonomic  method  is,  conversely,  of  no  less  importance  in  a  historico- 
geographical  study  of  floras.  In  every  modern  botanical  monograph 
may  be  found  numerous  examples  illustrating  the  possibility  of  such 
use  of  taxonomic  data  as  an  aid  to  historical  plant  geography.  We 
shall  cite  only  a  few  instances  of  the  founding  of  historico-geographical 
conclusions  on  the  basis  of  a  phylogenetic  study. 

One  such  case  is  that  of  the  establishment  of  the  chief  features  of 
the  history  of  development  of  the  flora  of  Mongolia  and  China  by 
V.  L.  KoMAROV  (1908)  on  the  basis  of  a  study  of  five  genera  chosen  on 
account  of  the  nature  of  their  geographical  distribution.  A  mono- 
graphic study  of  these  genera  made  it  possible  to  determine  the  centers 
of  their  origin  and  the  routes  of  their  subsequent  migration,  which, 
taken  together,  indicated  the  trend  of  development  of  the  entire  flora 
of  Mongolia  and  China.  As  a  second  example  we  may  take  the  phylo- 
genetic study  of  the  genera  of  the  family  Sapotaceae  made  by  Lam 
(1935),  who  found  that  there  is  a  decrease  in  the  number  of  sepals  in 
the  flowers  of  the  more  highly  organized  species  and  also  that  there  are 
changes  in  a  number  of  other  morphological  characters  specific  for  the 
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four  genera  of  this  family.  The  trend  of  geographical  distribution  of 
these  species  —  from  the  Malay  Archipelago  toward  the  west  in  the 
direction  of  India  and  toward  the  east  in  the  direction  of  New  Guinea 
• — indicates  that  the  Malay  Archipelago  should  be  considered  the 
initial  center  of  development  of  the  Sapotaceae. 

The  botanico-geographical  method  is  based  on  a  study  of  the  areas 
of  the  species  of  a  given  flora,  not  only  within  the  limits  of  the  latter 
but,  which  is  most  important,  in  all  their  entirety.  As  a  result  of  such 
an  investigation,  the  centers  of  concentration  of  species  may  be  es- 
tablished, which  point  to  the  centers  (primary  or  secondary)  of  de- 
velopment of  genera.  Moreover,  by  establishing  the  character  of  an 
area,  it  is  possible  to  determine  of  what  ecological,  geographical,  and 
historical  elements  a  given  flora  is  composed.  Combining  these  data 
with  those  obtained  from  a  taxonomic  study  makes  it  possible  to  sub- 
divide the  estabhshed  geographical  elements — according  to  the  cen- 
ters of  origin  of  the  areas  of  the  various  species — into  a  number  of 
groups  reflecting  the  genesis  and  process  of  development  of  the  flora 
under  investigation,  the  degree  of  its  autochthonism,  i.e.,  the  extent  to 
which  the  species  composing  it  have  originated  and  developed  within 
the  territory  occupied  by  the  given  flora,  the  extent  to  which  such 
species  have  migrated  from  neighboring  floras,  and  the  time  and  direc- 
tion of  these  immigrations.  A  comparison  of  the  flora  under  inves- 
tigation, from  the  indicated  points  of  view,  with  analogous  floras  of  other 
countries,  makes  it  possible  to  elucidate  the  mutual  relations  of  these, 
floras,  while  the  combined  study  of  the  floras  of  various  countries  and 
regions  gives  a  picture  of  the  history  of  development  of  the  flora  of  the 
entire  globe. 

Lastly,  changes  in  vegetation  during  the  most  recent  period  of  the 
earth's  history,  when  it  has  been  affected  by  man's  activities,  are 
studied  both  on  the  basis  of  data  regarding  the  interrelations  of  species 
in  plant  associations  and  on  the  basis  of  historical  documents  and 
material.  A  study  of  the  ecology  of  species  in  different  habitats  within 
their  areas  may  elucidate  the  biological  peculiarities  of  the  initial  types 
and  thereby  indicate  the  direction  of  dispersal  of  a  given  genus  or 
species. 

In  the  case  of  all  the  above-mentioned  indirect  methods  it  is  of  ut- 
most importance  to  study  not  separate  species  but  a  geographical  series 
of  species  that  replace  one  another  throughout  the  area  of  the  genus  to 
which  they  belong.  The  difficulties  confronting  us  in  this  field  of 
science,  only  the  initial  steps  in  whose  development  have  so  far  been 
made,  are  very  great,  but  there  are  no  grounds  for  regarding  them  as 
insuperable. 
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Chapter  II 

HISTORY  OF  THE   SCIENCE 

The  first  definitely  expressed  ideas  on  regularities  in  the  distribu- 
tion of  plants,  which  we  may  regard  as  the  beginning  of  historical  plant 
geography  as  a  science,  we  find  in  the  work  of  Wh-LDENOw,  "Grundriss 
der  Krauterkunde",  which  first  appeared  in  1792.  In  the  seventh 
section  of  this  work,  entitled  "Geschichte  der  Pflanzen",  we  read:  — 

"  By  history  of  plants  is  meant  the  influence  of  climate  on  vegetation,  the  changes  which 
plants  have  probably  undergone  as  a  result  of  the  revohiHons  which  have  taken  place  on  our 
globe,  their  distribution  over  the  earth's  surface,  their  migrations,  and,  lastly,  the  provisions 
nature  has  made  for  their  preservation"  (p.  418).* 

The  character  of  the  present  distribution  of  plants  caused  these 
questions  to  arise  in  Willdenow's  mind:  Did  not  the  seas  occupy  more 
space  in  former  times  than  now?  Was  not  the  globe  entirely  covered 
with  water,  from  which  projected  only  the  mountain  peaks,  which  in 
those  times  were  the  only  habitat  of  plants?  As  the  seas  dried  up  and 
the  area  of  dry  land  increased,  the  plants  began  gradually  to  disperse 
from  these  initial  habitats.  Later  hurricanes,  earthquakes,  and  vol- 
canoes again  destroyed  plant  life  over  large  areas.  This  is  evidenced 
by  plants  whose  distribution  is  restricted  to  small,  widely  separated 
localities.  "Lands  now  separated  by  oceans  may,  in  former  epochs, 
have  been  united  .  .  .  Thus,  the  northern  part  of  America  may 
have  been  connected  with  Europe,  New  Netherlands  **  with  the  foot- 
hills of  the  Cape  of  Good  Hope". 

In  addition  to  these  purely  historical  causes,  Willdenow  points  out 
a  number  of  extant  factors  affecting  the  distribution  of  plants.  Among 
such  factors  he  mentions  the  various  adaptations  for  the  dispersal  of 
fruits  and  seeds  by  the  aid  of  animals,  wind,  river,  and  sea  currents, 
and  the  scattering  of  seeds  by  dehiscent  fruits.  A  no  less  important 
factor  in  the  distribution  of  plants  is  man.  He  also  points  out  the 
similarity  between  aquatic  plants  and  plants  growing  on  mountain 
peaks,  and  in  conclusion  he  discusses  the  origin  of  various  floras. 
Hence,  in  this  brief  treatise  we  already  find  elements  of  modern  his- 
torical plant  geography. 

The  next  work  in  order  of  time,  which  is  clearly  concerned  not  with 
the  geography  of  plants  in  general  but  precisely  with  problems  of  his- 
torical geography,  is  that  of  Stromeyer,  entitled  "Commentatio 
inauguralis  sistens  historiae  vegetabilium  geographicae  specimen". 
In  this  work  a  clear  distinction  is  made  between  general  plant  geog- 
raphy, "vegetabilium  geographia"  (phytogeography),  and  historical 
plant  geography,  "historia  vegetabiUum  geographica " ,  of  which  he 
makes  a  further  subdivision,  "historia  vegetabiUum  geographica  appli- 


*  Cited  from  the  second  edition,  Vienna,  1798;   italics  ours. 
•*  Formerly  used  to  designate  Australia. 
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cata",  which  treats  of  the  distribution  of  plants  as  Hnked  with  the 
history  of  the  settlements  and  migrations  of  men  and  animals. 

Nevertheless,  it  is  Alexander  von  Hxjmboldt  who  should  be  re- 
garded as  the  founder  of  plant  geography,  including  also  problems  of 
the  origin  of  floras,  since  it  was  he  who,  in  his  "Essai  sur  la  Geogra- 
phic des  Plantes"  ("Ideen  zu  einer  Geographic  der  Pflanzen"  in  the 
German  edition),  appearing  in  1807,  established  this  new  science  and 
gave  it  its  present  name.  In  this  work  Humboldt  sets  forth  his  ideas, 
which  embrace  the  bases  of  modern  botanical  geography,  including 
problems  with  which  historical  plant  geography  is  concerned: 

"In  order  to  come  to  a  decision  as  to  the  existence  in  ancient  times  of  a  connection 
between  neighboring  continents,  geology  bases  itself  on  the  analogous  structure  of  coast- 
lines, on  the  similarity  of  animals  inhabiting  them,  and  on  ocean  soundings.  Plant  geo''- 
raphy  furnishes  most  important  material  for  this  kind  of  research.  It  can,  up  to  a  certafn 
pomt,  determine  the  islands  which,  at  one  time  united,  have  become  separated  from  one 
another;  it  finds  that  the  separation  of  Africa  and  South  America  occurred  before  the 
development  of  living  organisms.  It  is  again  this  science  that  shows  which  plants  are  com- 
mon to  both  eastern  Asia  and  the  coastlands  of  Mexico  and  California,  and  whether  there 
are  some  which  grow  in  all  zones  and  at  all  altitudes.  It  is  by  the  aid  of  plant  geography 
that  we  can  go  back  with  some  certainty  to  the  initial  physical  state  of  the  globe  It  is 
this  science  which  can  decide  whether,  after  the  recession  of  the  waters  to  whose  abundance 
and  movements  the  calcareous  rocks  attest,  the  entire  surface  of  the  earth  was  covered 
simultaneously  with  diverse  plants,  or  whether,  according  to  the  ancient  myths  of  various 
peoples,  the  globe,  having  regained  its  repose,  first  produced  plants  only  in  a  single  region 
from  which  the  sea  currents  carried  them  progressively,  during  the  course  of  centuries  into 
the  most  distant  zones"  (pp.   ig-20)*.  ' 

No  less  definitely  is  put  the  question  as  to  the  importance  of  a 
study  of  the  past  and  present  distribution  of  organisms:  "In  order  to 
solve  the  great  problem  as  to  the  migration  of  plants,  plant  geography 
descends  into  the  bowels  of  the  earth;  there  it  consults  the  ancient 
monuments  which  nature  has  left  in  the  form  of  petrifactions  in  the 
fossil  wood  and  coal  beds  which  constitute  the  burial-places  of  the  first 
vegetarion  of  our  planet"  (p.  22).  The  finding  in  temperate  zones  of 
the  remains  of  plants  and  animals  of  warmer  climes  puts  to  the  fore 
the  question  as  to  the  former  climatic  conditions  in  the  given  localities. 

A  still  more  detailed  understanding  of  the  tasks  of  botanical  geog- 
raphy we  find  in  the  works  of  Augustin  P.  de  Candolle,  who  in  his 
"Essai  Elementaire  de  Geographic  Botanique"  (1820),  and  also  in 
other  works,  clearly  distinguishes  between  the  "habitation"  and  the 
"station"  of  a  plant,  meaning  by  the  first  the  distribution  of  a  plant 
over  the  earth's  surface  and  by  the  second  its  habitat  conditions  as  a 
whole.  Thus,  the  section  of  this  work  entitled  "Des  habitations" 
constitutes  in  considerable  measure  historical  plant  geography  as  he 
understood  it.  In  this  chapter  he  does  not  limit  himself  to  establishing 
the  habitats  of  plants  but  attempts  to  determine  the  causes  underlying 
this  or  that  kind  of  distribution.  Factors  such  as  seas,  deserts,  moun- 
tain chains,  swamps,  forests,  and  variarions  in  altitude  constitute 
obstacles  to  dispersal.  Plants  are  endowed  in  different  degree  with  the 
ability  to  overcome  these  obstacles,  and  are  dependent  in  great  meas- 
ure on  passive  factors  as  an  aid  in  surmounting  them.     Such  factors 

*  Cited  from  the  French  edition. 
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include  sea  and  river  currents,  atmospheric  currents,  animals,  and  man. 
If  these  four  means  of  seed  dispersal  are  kept  in  mind,  "one  will  iind, 
I  believe,  that  they  are  fully  adequate  to  explain  the  finding  of  a  small 
number  of  plants  common  to  different  continents  .  .  .  Their  combined 
action — slow,  steady,  imperceptible — constantly  tends  to  disperse  plants 
in  all  directions,  and  these  plants  become  naturalized  where  they  find 
conditions  favorable  for  their  existence"  (p.  410). 

After  the  appearance  of  the  above-mentioned  works  it  was  possible 
to  publish  the  principles  of  the  new  science,  the  first  attempt  in  this 
direction  being  ScHOUw's  "Grundziige  einer  allgemeinen  Pflanzengeo- 
graphie",  issued  in  Danish  in  1822  and  translated  into  German  in  1823. 
To  the  development  of  historical  plant  geography,  however,  this  work 
contributed  nothing,  since  its  author  makes  a  sharp  distinction  between 
"plant  geography"  proper  and  the  "history  of  plants",  to  which  latter 
he  refers  all  problems  with  which  historical  plant  geography  is  con- 
cerned. Thus,  WiLLDENOw's  term  "history  of  plants",  embracing  all 
botanical  geography,  is  narrowed  down  by  ScHOUw,  who  includes  in  it 
only  problems  of  the  history  and  genesis  of  species  and  floras,  which 
even  earlier,  as  we  have  seen,  were  touched  upon  by  Stromeyer. 
ScHOXJW  regards  the  "history  of  plants"  as  an  independent  science. 
"The  history  of  plants  .  .  .  does  not  constitute  a  part  of  physical 
geography,  since  it  is  not  a  descriptive  science,  but  rather  a  part  of  the 
history  of  the  earth,  inasmuch  as  the  latter  treats  not  only  of  inorganic 
but  also  of  organic  bodies"  (p.  10). 

In  another  similar  work  by  Meyen,  "Grundriss  der  Pflanzen- 
geographie",  which  appeared  thirteen  years  after  ScHOtJw's  book,  we 
also  find  almost  nothing  concerning  historical  plant  geography,  with 
the  exception  of  a  few  pages  devoted  to  problems  of  areas  of  distribu- 
tion and  their  determination. 

In  contrast  to  these  works,  a  considerable  contribution  to  historical 
plant  geography  was  made  by  Unger's  "Versuch  einer  Geschichte  der 
Pflanzenwelt",  which  appeared  in  1852.  This  book,  speaking  in 
present-day  terminology,  may  be  considered  a  treatise  on  paleobotany, 
embracing,  however,  relations  between  fossil  and  existing  floras.  The 
introduction  to  this  book,  in  which  the  author  discusses  the  distribution 
of  plants,  constitutes  a  notable  contribution  to  historical  plant  geog- 
raphy. 

Although  the  development  of  this  new  branch  of  knowledge,  as  we 
have  seen,  had  its  expression  in  a  number  of  works  inspired  in  con- 
siderable measure  by  von  Humboldt,  the  credit  for  elaborating  the 
latter's  ideas  and  for  making  the  first  synthesis  of  the  new  science  of 
historical  plant  geography  belongs  to  Alphonse  de  Candolle.  In  his 
chief  work,  pubHshed  in  1855  and  entitled  "Geographie  botanique 
raisonnee  ou  exposition  des  faits  principaux  et  des  lois  concernant  la 
distribution  geographique  des  plantes  de  I'epoque  actuelle",  de  Can- 
dolle, as  is  clear  from  the  title  itself,  undertook  the  task  of  elucidating 
the  laws  of  the  distribution  of  plants.  His  understanding  of  what  this 
task  involves  is  set  forth  in  the  preface  to  this  work  (pp.  xi-xii) :  — 

"Plants  have  a  habitat  conforming  to  the  climate  only  under  certain  circumstances, 
only  in  certain  countries;  there  is  not  a  single  botanist  but  who  knows  that  a  species  can 
ordinarily  live  and  reproduce  itself  far  from  its  native  home  and  that  no  country  contains 
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all  the  species  which  can  live  there  without  man's  protection.  These  are  facts,  one  has 
been  wont  to  say.  Yes,  there  are  facts,  but  why  these  facts?  What  are  their  causes- 
possible,  probable,  or  certain?  .  .  .  And  if,  on  the  basis  of  the  present  distribution  of 
species  and  of  a  knowledge  of  climatic  conditions,  one  could  come  to  understand  their 
original  distribution,  would  that  not  be  a  splendid  achievement  of  science? 

"These  important  questions  were  for  a  long  time  a  mystery  to  me.  But  I  was  far  from 
inclined  to  fight  shy  of  them,  as  some  authors  have  done.  On  the  contrary ,_  these  questions 
attracted  me,  tormented  me.    I  perceived  neither  solutions  nor  ways  to  arrive  at  solutions. 

"Fortunately,  the  advances  in  geology  have  shed  on  natural  science  a  new  light. 
This  light,  no  doubt,  began  as  a  feeble  glimmer,  but  one  penetrating  every\vhere.  Now  it 
is  becoming  larger;  it  shows  us  extensive  vistas,  entirely  new.  We  can  try  to  go  back  m 
the  chain  of  times  to  the  origin  of  the  vegetable  and  animal  kingdoms.  We  have  come  to 
the  conclusion  that  the  living  organisms  of  our  epoch  have  passed  through  diverse  cU- 
matic  conditions  and  past  geographical  conditions  no  less  varied.  Thus,  when  the  present 
distribution  of  species  seems  odd  to  us,  when  it  does  not  conform  to  modern  climatic  con- 
ditions, it  is  probable  that  this  is  the  effect  of  former  geological  and  physical  conditions. 
We  see  here  only  the  result  of  a  different  order  of  things,  which  in  its  turn  was  the  conse- 
quence of  still  different  preceding  conditions. 

"From  this  new  point  of  view  botanical  geography  ceases  to  be  a  simple  accumulation 
of  facts.  It  occupies,  on  the  contrary,  an  imposing  position  in  the  center  of  the  sciences. 
Its  prmcipal  aim  should  be  to  show  what,  in  the  present  distribution  of  plants,  may  be  explained 
by  present  climatic  conditions  and  what  is  a  consequetice  of  former  conditions.* 

"By  assigning  it  such  a  high  aim,  botanical  geography  competes  with  the  history  of 
fossil  organisms  (paleontology)  and  with  geology  proper  in  research  on  one  of  the  greatest 
problems  of  natural  science  or,  rather,  of  science  in  general  and  of  all  philosophy.  This 
problem  is  that  of  the  succession  of  organisms  on  the  globe." 

As  an  approach  to  the  assigned  task,  de  Candolle,  in  the  early 
chapters  of  his  book,  discusses  the  effect  of  external  factors— tempera- 
ture, light,  and  humidity— on  the  distribution  of  plants  and  also  takes 
up  the  different  types  of  distribution.  The  data  assembled  lead  him 
to  the  problem  of  areas  of  distribution,  their  character,  the  changes 
which  they  undergo,  and  the  establishment  of  a  number  of  regularities 
in  the  formation  of  areas. 

This  famous  work  of  de  Candolle  is  exceptionally  rich  in  content, 
and  we  shall  have  need  to  refer  to  it  repeatedly.  But  here,  in  our 
historical  review,  we  must  hmit  ourselves  to  this  very  brief  account. 

Somewhat  earlier  (in  1846)  the  remarkable  work  of  Forbes,  "On 
the  connexion  between  the  distribution  of  the  existing  fauna  and  flora 
of  the  British  Isles  and  the  geological  changes  which  have  affected  their 
area,  especially  during  the  epoch  of  the  Northern  Drift",  opened  new 
vistas  for  the  understanding  of  the  present  geographical  distribution  of 
plants.  As  a  basis  for  this  work  was  Lyell's  important  book,  "Prin- 
ciples of  Geology",  which  first  appeared  in  1832  and  exerted  an  im- 
mense influence  on  the  development  of  biological  views,  including 
problems  connected  with  the  geographical  distribution  of  organisms. 
Such  influence  was  furthered  not  only  by  the  entirely  new  point  of 
view  of  the  author  on  the  geological  past  of  the  earth,  but  also  by  the 
fact  that  Lyell  considered  it  necessary  to  include  in  his  work  also 
"phenomena  relating  to  the  organic  world,  which  have  an  equal  claim 
on  our  attention,  if  we  desire  to  obtain  possession  of  all  the  preparatory 
knowledge  respecting  the  existing  course  of  nature,  which  may  be  avail- 
able in  the  interpretation  of  geological  monuments"  (p.  566).     Conse- 
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quently,  among  chapters  devoted  to  problems  concerning  the  genesis 
of  species,  we  find  chapters  on  the  geographical  distribution  and 
migrations  of  species,  insular  flora  and  fauna,  and  the  extinction  of 
species. 

Forbes,  as  a  starting  point  for  his  subsequent  exposition,  assumes 
the  existence  of  "speciiic  centres",  i.e.,  of  "certain  geographical  points 
from  which  the  individuals  of  each  species,  originating  from  a  single 
progenitor  or  from  two,  began  their  geographical  distribution."  To 
substantiate  this  view,  Forbes  points  out  the  following  three  facts: 
"(i)  Species  of  opposite  hemispheres  placed  under  similar  conditions 
are  representative  and  not  identical.  (2)  Species  occupying  similar 
conditions  in  geological  formations  far  apart,  and  which  conditions  are 
not  met  with  in  the  intermediate  formations,  are  representative  and 
not  identical.  (3)  Wherever  a  given  assemblage  of  conditions,  to 
which,  and  to  which  only,  certain  species  are  adapted,  are  continuous — 
whether  geographically  or  geologically — identical  species  range  through- 
out" (p.  336).  Examining  from  this  point  of  view  the  flora  of  the 
British  Isles,  Forbes  comes  to  the  conclusion  that  the  interrelations 
between  the  various  elements  of  their  flora  may  be  explained  only  by 
migration  of  its  species  prior  to  the  separation  of  the  islands  from  the 
continent,  of  which  they  were  formerly  a  part. 

The  work  of  Forbes,  as  well  as  the  new  trend  in  the  understanding 
of  the  geological  past  of  the  earth  initiated  by  Lyell,  opened  a  new 
page  in  the  study  of  the  historical  geography  of  plants.  One  of  the 
first  to  develop  these  ideas  further  was  Joseph  Dalton  Hooker. 
Thanks  to  his  intimate  knowledge  of  the  vegetation  of  almost  the 
entire  globe,  acquired  by  him  during  his  numerous  travels  and  also 
by  a  study  of  the  floras  of  many  lands.  Hooker  possessed  a  breadth  of 
vision  unattained  by  investigators  before  his  time.  Consequently,  in 
his  works  we  find  for  the  first  time  a  transition  from  the  study  of  the 
distribution  of  separate  units  in  the  plant  kingdom  to  an  explanation 
of  the  origin  and  development  of  entire  floras. 

One  of  Hooker's  investigations  in  the  field  interesting  us  is  that  on 
the  vegetation  of  the  Galapagos  Archipelago,  reported  on  by  him  at  a 
session  of  the  Linnean  Society  in  London  in  1846  and  pubUshed  in 
1851,  based  on  a  study  of  herbarium  specimens  collected  on  these 
islands  by  Darwin.  The  origin  of  this  flora,  in  Hooker's  opinion,  is 
to  be  explained  as  the  result  of  the  transport  of  its  component  species, 
particularly  the  non-endemic  species,  from  the  American  continent  to 
these  islands  by  ocean  currents,  wind,  birds,  and,  to  a  small  extent,  by 
man,  and  their  modification  under  the  influence  of  isolation. 

A  few  years  later,  in  Part  II  of  his  "Botany  of  the  Antarctic 
Voyage",  dealing  with  the  flora  of  New  Zealand  and  published  in  1853, 
Hooker  devotes  to  problems  of  the  distribution  of  species  a  very 
valuable  "Introductory  Essay".  He  points  out  that  no  other  branch 
of  botany  requires  for  its  understanding  such  an  intimate  knowledge  of 
plants  and  of  relationships  between  species  as  does  that  concerned  with 
a  study  of  the  geographical  distribution  of  plants.  Basing  himself  on 
the  works  of  Lyell  and  Forbes  and  on  the  premise  that  one  and  the 
same  species  can  have  arisen  only  in  one  place  on  the  globe,  Hooker 
draws  the  conclusion  that  the  plants  now  distributed  on  the  various 
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islands  of  the  Antarctic  at  one  time  formed  part  of  a  single  flora,  oc- 
cupjang  a  continent  larger  than  that  now  found  in  the  Antarctic 
Ocean. 

Part  III  of  this  same  work,  devoted  to  the  flora  of  Australia  and 
Tasmania,  appeared  in  i860,  after  the  pubHcation  of  Darwin's  "Ori- 
gin of  Species",  which  had  a  great  influence  on  Hooker  but  did  not 
advance  any  views  seriously  contradictory  to  his  own.  In  this  Part 
III  we  find  two  sections  of  particular  interest:  3.  "On  the  general 
phenomena  of  distribution  in  area"  and  4.  "On  the  general  phenomena 
of  the  distribution  of  plants  in  time".  In  the  former  the  author  draws 
the  conclusion  that  many  phenomena  in  the  present  distribution  of 
plants  cannot  be  explained  by  existing  factors  and  that  to  understand 
them  it  is  necessary  to  study  past  changes  in  climate  and  in  the  distri- 
bution of  dry  land.  In  Section  4  Hooker  examines  the  paleobotanical 
data  available  at  the  time  of  the  publication  of  his  work  and  comes  to 
the  conclusion  that  the  problem  of  the  distribution  of  plants  is  ex- 
ceedingly complex.  He  advances  the  proposition  that  changes  in  the 
surface  of  our  planet — lands  being  replaced  by  seas  and  valleys  by 
mountain  chains — take  place  in  a  relatively  short  interval  of  time,  as 
compared  to  the  age-long  existence  of  some  genera  and  even  species  of 
plants. 

In  1855  Hooker  began  pubHcation  of  his  "Flora  Indica".  In  the 
first  and  only  volume  of  this  "Flora"  (it  was  later  replaced  by  his  "Flora 
of  British  India")  there  is  an  "Introductory  Essay"  of  exceptional  im- 
portance for  an  understanding  of  the  history  of  development  not  only 
of  the  flora  of  India  but  also  of  modern  tropical  flora  in  general.  In 
1862  there  appeared  another  important  work,  "Outlines  of  the  distri- 
bution of  arctic  plants",  giving  an  analysis  of  arctic  flora  and  data 
for  the  establishment  of  its  origin.  Of  great  interest  also  is  Hooker's 
"Lecture  on  Insular  Floras" — delivered  in  1866  before  the  British 
Association  for  the  Advancement  of  Science — in  which  he  again  returns 
to  the  problem  of  the  origin  of  insular  floras,  their  interrelations,  and 
their  relations  to  continental  floras. 

Reviewing  Hooker's  work,  we  see  that  he  put  a  number  of  entirely 
new  problems,  concerned  not  so  much  with  regularities  in  the  distribu- 
tion of  separate  species  as  with  the  question  of  the  origin  of  whole 
floras,  determined  on  the  basis  of  an  analysis  of  the  areas  of  distribu- 
tion of  the  component  species.  This  new  direction  of  investigation 
proved  in  the  highest  degree  fruitful  and  constituted  a  great  impetus 
to  work  in  this  field. 

From  the  foregoing  it  is  evident  that  by  the  middle  of  the  nine- 
teenth century  the  question  as  to  the  geographical  distribution  of 
organisms  was  for  many  investigators,  such  as  Lyell,  Forbes,  Hooker, 
and  others,  in  its  basic  features  entirely  clear.  Nevertheless,  the  doc- 
trine as  to  the  immutability  of  species  and  their  existence  as  a  result 
of  separate  acts  of  creation  was  still  firmly  rooted,  due  chiefly  to  its 
connection  with  religious  views,  and  shackled  the  minds  even  of  out- 
standing thinkers. 

In  1859  there  appeared  Darwin's  "Origin  of  Species".  The  revo- 
lution which  this  book  produced  not  only  in  biology  but  in  all  man's 
thinking  naturally  affected  the  development  of  our  branch  of  science 
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as  well.  In  his  investigations  of  the  evolution  of  organisms  and  its 
causes  Darwin  could  not  but  treat  problems  of  their  geographical 
distribution.  Chapters  XII  and  XIII  of  his  book  are  devoted  to  these 
problems,  and  they,  consequently,  constitute  a  most  valuable  contri- 
bution to  historical  plant  geography. 

These  chapters  Darwin  introduces  with  the  following  statement: 
"In  considering  the  distribution  of  organic  beings  over  the  face  of  the 
globe,  the  first  great  fact  which  strikes  us  is  that  neither  the  similarity 
nor  the  dissimilarity  of  the  inhabitants  of  various  regions  can  be 
wholly  accounted  for  by  chmatal  and  other  physical  conditions" 
(p.  493).  Having  cited  a  number  of  examples  of  the  distribution  of 
plants  and  animals  in  various  countries  testifying  to  the  connection 
between  portions  of  areas  of  separate  species  and  entire  floras  and 
faunas,  Darwin  writes:  "We  see  in  these  facts  some  deep  organic 
bond,  throughout  space  and  time,  over  the  same  areas  of  land  and 
water,  independently  of  physical  conditions.  .  .  .  The  bond  is  simply 
inheritance,  that  cause  which  alone,  as  far  as  we  positively  know,  pro- 
duces organisms  quite  like  each  other,  or,  as  we  see  in  the  case  of 
varieties,  nearly  alike"  (p.  497). 

Darwin  bases  his  views  on  the  geographical  distribution  of  organ- 
isms on  the  assumption  that  each  species  was  first  produced  in  one  area 
alone,  subsequently  migrating  from  that  area.  He  concludes:  "The 
endurance  of  each  species  and  group  of  species  is  continuous  in  time; 
...  so  in  space,  it  certainly  is  the  general  rule  that  the  area  inhabited 
by  a  single  species,  or  by  a  group  of  species,  is  continuous,  and  the 
exceptions,  which  are  not  rare,  may  ...  be  accounted  for  by  former 
migrations  under  different  circumstances,  or  through  occasional  means 
of  transport,  or  by  the  species  having  become  extinct  in  the  inter- 
mediate tracts"  (p.  564). 

Hence,  the  finding  of  the  same  species  on  the  British  Isles  and  in 
Europe  is  fully  understandable,  since  these  lands  doubtless  were  at  one 
time  united;  likewise  understandable  is  the  absence  of  European 
mammals  in  Australia  and  South  America,  despite  similar  habitat  con- 
ditions, confirmed  by  the  naturalization  in  these  countries  of  many 
European  plants  and  animals.  The  existence  of  identical  species  of 
plants  separated  by  great  distances  is  explained  by  their  possession  of 
means  of  dispersal  enabling  them  to  overcome  these  distances. 

What  are  these  means  of  dispersal?  Having  discussed  the  views  of 
Lyell  and  Forbes  on  the  former  connection  between  Atlantic  islands 
and  Europe  and  between  the  latter  and  America,  Darwin  writes: 
"Other  authors  have  thus  hypothetically  bridged  over  every  ocean, 
and  united  almost  every  island  with  some  mainland.  If  indeed  the 
arguments  used  by  Forbes  are  to  be  trusted,  it  must  be  admitted  that 
scarcely  a  single  island  exists  which  has  not  recently  been  united  to 
some  continent.  This  view  cuts  the  Gordian  knot  of  the  dispersal  of 
the  same  species  to  the  most  distant  points,  and  removes  many  a 
difficulty;  but  to  the  best  of  my  judgment  we  are  not  authorised  in 
admitting  such  enormous  geographical  changes  within  the  period  of 
existing  species"  (p.  505). 

Allowing  for  the  possibility  of  "great  oscillations  in  the  level  of  the 
land  or  sea"  and  also  of  the  "existence  of  many  islands,  now  buried 
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beneath  the  sea,  which  may  have  served  as  halting-places  for  plants 
and  for  many  animals  during  their  migration",  Darwin  nevertheless 
considers  impossible  "such  prodigious  geographical  revolutions  within 
the  recent  period,  as  are  necessary  on  the  view  advanced  by  Forbes 
and  admitted  by  his  followers.  The  nature  and  relative  proportions  of 
the  inhabitants  of  oceanic  islands  are  likewise  opposed  to  the  belief  of 
their  former  continuity  with  continents.  Nor  does  the  almost  uni- 
versally volcanic  composition  of  such  islands  favour  the  admission  that 
they  are  the  wrecks  of  sunken  continents; — if  they  had  originally 
existed  as  continental  mountain  ranges,  some  at  least  of  the  islands 
would  have  been  formed,  like  other  mountain  summits,  of  granite, 
metamorphic  schists,  old  fossiliferous  and  other  rocks,  instead  of  con- 
sisting of  mere  piles  of  volcanic  matter"  (pp.  505-6). 

Starting  from  these  premises,  Darwin  proceeds,  with  the  pains- 
taking care  so  characteristic  of  him,  to  assemble  facts  on  the  distribu- 
tion of  plants  and  to  test  some  of  them  experimentally.  He  presents 
data  of  experiments  on  the  resistance  of  seeds  to  the  action  of  sea- 
water  and  on  the  length  of  time  fruits  or  parts  of  plants  with  fruits 
may  float,  and  he  recounts  his  observations  on  the  transport  of  seeds 
on  drift  timber  and  icebergs  and  also  by  birds,  on  the  distribution  of 
fresh-water  plants  and  animals,  and  on  the  inhabitants  of  islands  and 
their  relation  to  those  of  the  nearest  mainland. 

Nevertheless,  despite  the  existence  of  such  means  of  seed  dispersal, 
he  concludes:  "The  floras  of  distant  continents  would  not  by  such 
means  become  mingled;  but  would  remain  as  distinct  as  they  now 
are."  In  spite  of  the  occasional  cases  of  seeds  being  transported  across 
the  ocean,  "how  small  would  be  the  chance  of  a  seed  falling  on  favor- 
able soil,  and  coming  to  maturity!  .  .  .  Out  of  a  hundred  kinds  of 
seeds  or  animals  transported  to  an  island,  even  if  far  less  well-stocked 
than  Britain,  perhaps  not  more  than  one  would  be  so  well  fitted  to  its 
new  home  as  to  become  naturalised.  But  this  is  no  valid  argument 
against  what  would  be  effected  by  occasional  means  of  transport,  dur- 
ing the  long  lapse  of  geological  time,  whilst  the  island  was  being 
upheaved,  and  before  it  had  become  fully  stocked  with  inhabitants. 
On  almost  bare  land,  with  few  or  no  destructive  insects  or  birds  living 
there,  nearly  every  seed  which  chanced  to  arrive,  if  fitted  for  the 
climate,  would  germinate  and  survive"  (pp.  514-5). 

Subsequent  authors,  however,  gave  to  such  chance  factors  primary 
significance,  resorting  to  them  in  all  cases  of  an  otherwise  inexplicable 
station  separated  from  the  main  area,  not  reahzing  that  in  reality  they 
were  merely  substituting  such  chance  transport  for  the  dogma  of 
multiple  centers  of  species  creation  without  supplying  any  factual 
proof.  From  this  impasse  only  in  our  own  times  has  there  been  found 
a  way  out,  in  the  form  of  Wegener's  hypothesis  of  continental  drift, 
according  to  which,  assuming  the  permanence  not  of  the  separate 
continents  and  oceans  but  of  the  areas  occupied  by  them,  we  are  at 
the  same  time  able  to  consider  that  they  were  formerly  connected,  thus 
solving  a  number  of  puzzling  problems  of  biogeography. 

Not  less  important  and  instructive  for  subsequent  investigators 
were  Darwin's  views  on  the  dispersal  of  plants  during  the  Ice  Age  or 
Glacial  Period,  on  the  presence  of  identical  species  on  isolated  moun- 
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tain  summits,  on  the  former  existence  of  land-bridges  between  the  Old 
and  New  World,  over  which  in  the  Tertiary  Period,  thanks  to  the 
warmer  climate,  there  took  place  an  exchange  of  plants,  and  on  the 
similarity  of  the  floras  of  the  southern  shores  of  America,  Australia, 
and  New  Zealand,  all  of  which  floras  give  evidence  of  having  had  at 
one  time  connection  with  the  flora  of  the  now  ice-covered  Antarctic 
continent. 

A  further  contribution  to  the  development  of  the  science  interesting 
us  was  made  by  a  contemporary  of  Darwin,  Alfred  Russel  Wallace. 
The  latter  may  with  full  right  be  considered  the  founder  of  the  science 
of  the  geographical  distribution  of  animals.  His  investigations,  con- 
cerned only  in  an  inconsiderable  part  with  the  plant  kingdom,  have, 
nevertheless,  because  of  the  general  propositions  advanced  by  him, 
significance  in  the  history  of  the  study  of  the  distribution  of  plants. 
For  historical  plant  geography  of  particular  value  is  his  work  "Island 
Life",  dealing  with  the  origin  of  insular  faunas  and  floras.  The  basic 
theory  of  Wallace,  set  forth  in  detail  in  this  work,  is  summarized  in 
his  concluding  chapter  as  follows: 

"The  distribution  of  the  various  species  and  groups  of  living  things 
over  the  earth's  surface  and  their  aggregation  in  definite  assemblages 
in  certain  areas  is  the  direct  result  and  outcome  of  a  complex  set  of 
causes,   which  may  be  grouped  as   'biological'   and   'physical'.     The 
biological  causes  are  mainly  of  two  kinds— firstly,  the  constant  ten- 
dency of  all  organisms  to  increase  in  numbers  and  to  occupy  a  wider 
area,   and  their  various  powers  of  dispersion  and  migration  through 
which,  when  unchecked,  they  are  enabled  to  spread  widely  over  the 
globe;    and  secondly,  those  laws  of  evolution  and  extinction  which  de- 
termine the  manner  in  which  groups  of  organisms  arise  and  grow,  reach 
their   maximum,    and    then    dwindle    away,    often    breaking^  up    into 
separate  portions  which  long  survive  in  very  remote  regions."    Among 
physical  causes  Wallace  mentions:    "geographical  changes,  which  at 
one  time  isolate  a  whole  fauna  and  flora,  at  another  time  lead  to  their 
dispersal    and    intermixture    with    adjacent    faunas    and    floras"    and 
"changes   of   climate   which   have    occurred   in   various   parts   of    the 
earth,— because  such  changes  are  among  the  most  powerful  agents  in 
causing  the  dispersal  and  extinction  of  plants  and  animals"  (pp.  531^2). 
One  of  the  critics  of  natural  selection,"  Moritz  Wagner,   in  his 
analysis  of  Darwin's  theory  dwelt  on  the  above-mentioned  Chapters 
XII  and  XIII  of  "The  Origin  of  Species".     In  his  chief  work,  "Die 
Darwinische  Theorie  und  das  Migrationsgesetz  der  Organismen",  which 
appeared  in  1868,  and  in  a  number  of  articles,  Wagner  advanced  his 
"law  of  migrations",  which,  in  his  opinion,  did  not  refute  but  supple- 
mented Darwin's  views.     This  law  of  migrations  is  based   on   the 
following  propositions:   The  competition  of  organisms  and  the  struggle 
for  existence  give  an  impulse  to  plants  and  animals  to  extend  the  area 
of  their  distribution.     The  new  habitat  conditions  in  which  the  mi- 
grants find  themselves  induce  marked  variations  in  their  characters. 
If  the  obstacles  which  a  species  has  overcome  during  its  migrations  are 
inconsiderable,  so  that  between  the  new  varieties  and  the  parental 
forms  there  remains  a  close  bond,  then  these  varieties  by  intercrossing 
very  quickly  disappear,  being  blended  with  the  initial  forms.     In  the 
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opposite  case  they  remain  distinct  and  are  converted  into  new  geo- 
graphical races  or  new  species.  Conditions  in  former  geological  periods 
— such  as  changes  in  the  relative  distribution  of  seas  and  dry  land,  the 
breaking  off  of  islands  from  the  mainland,  and  frequent  volcanic  erup- 
tions— facilitated  to  a  considerably  greater  degree  the  formation  of  new 
species  than  do  the  conditions  now  existing. 

This  law  of  species  formation  took  shape  in  Wagner's  mind  as  a 
result  of  observing  the  existence  in  nature  of  very  closely  related 
species,  often  separated  by  comparatively  small  barriers,  such  as  rivers, 
mountains,  gulfs,  etc.,  or  growing  on  isolated  mountain  peaks.  These 
so-called  "vicarious"  species  arose  as  a  result  of  the  chance  transport 
of  the  basic  form  across  the  indicated  barriers,  where,  under  the  in- 
fluence of  new  conditions  and  of  isolation,  it  became  modified  and  was 
transformed  into  a  new  race.  The  law  of  migrations,  which  provides 
a  key  to  the  understanding  of  the  areas  of  distribution  of  vicarious 
species  and  of  breaks  in  such  areas,  is  of  great  significance  for  historical 
plant  geography. 

An  outstanding  event  in  the  field  of  study  of  botanical  geography, 
and  particularly  of  its  historical  phase,  was  the  publication  in  1878- 
1882  of  Engler's  "Versuch  einer  Entwicklungsgeschichte  der  Pflanzen- 
welt,  insbesondere  der  Florengebiete,  seit  der  Tertiarperiode ".  The 
very  fact  of  such  a  work  being  published  indicates  the  great  progress 
that  historical  plant  geography  had  made  by  that  time.  For,  as  we 
have  already  pointed  out,  at  the  time  of  de  Candolle  the  mere  putting 
of  the  question  as  to  the  causes  and  regularities  of  the  observed  distri- 
bution of  plants  constituted  an  untouched  theme,  avoided  by  most 
authors  on  account  of  the  difificulties  involved.  Moreover,  in  Engler's 
work  we  find  the  principles  and  data  of  historical  plant  geography 
applied  not  only  for  an  explanation  of  the  distribution  of  separate  units 
of  the  plant  kingdom  but  also  for  an  explanation  of  the  development 
and  interrelations  of  the  floras  of  the  entire  globe — a  problem,  as  we 
have  seen,  first  tackled  by  Hooker. 

Later  investigations  by  Engler  himself  and  by  his  followers  and 
students  contributed  much  that  was  new,  necessitating  certain  changes 
in  Engler's  views  on  the  development  of  floras.  One  of  Engler's 
services  was  the  utilization  of  data  on  the  geographical  distribution  of 
genera  and  species  of  plants  for  his  conclusions  on  the  history  of  the 
development  of  floras.  Such  data  he  obtained  from  monographs  on 
selected  genera  or  species,  having  as  their  aim  to  check  kinships  by  a 
study  of  areas  of  distribution.  Alphonse  de  Candolle  in  his  "Geo- 
graphie  botanique  raisonnee"  (1855)  was  the  first  to  note  the  need  of 
utilizing  geographic  distribution  in  making  monographic  studies  of 
genera  and  families.  Five  years  later,  in  i860,  Stur  presumably  was 
the  first  to  apply  this  principle  in  his  monograph  on  the  genus  Astran- 
tia.  This  same  year  Borshchov  (Borszow)  published  his  monograph 
on  the  Aral-Caspian  species  of  the  genus  Calligonum,  in  which  he  gives 
an  analysis  of  their  geographical  distribution. 

Somewhat  later,  in  1869,  Kerner  published  a  remarkable  work  on 
the  dependence  of  a  plant  on  its  geographical  distribution  in  connection 
with  the  effect  of  soil  and  climatic  conditions,  based  on  a  monographic 
study  of  species  of  the  group  Tubocytisus  of  the  genus  Cylisus.     Dur- 
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ing  the  succeeding  years  this  geographical  principle  was  lent  serious 
support  in  a  number  of  excellent  monographs  (on  Acaniholimon,  1872; 
Labiatae  persicae,  1873;  Chenopodiaceae,  1880),  published  by  Bunge 
in  the  transactions  (Memoires)  of  the  Academy  of  Sciences  of  St. 
Petersburg.  In  1872  there  also  appeared  Engler's  monograph  on  the 
genus  Saxifraga,  in  the  title  of  which  it  is  noted  that  special  attention  is 
given  to  the  geographical  phase.  A  number  of  very  important  propo- 
sitions regarding  the  geographical  distribution  of  plants  were  advanced 
by  Kerner  in  many  of  his  later  works. 

This  new  trend  in  plant  taxonomy,  which  during  the  ensuing  years 
was  extensively  developed,  was  of  very  great  service  to  historical  plant 
geography,  since,  on  the  basis  of  such  thoroughly  investigated  material, 
work  in  the  field  of  the  study  of  the  interrelations  and  development  of 
floras  acquired  a  firm  foundation. 

Around  Engler  there  developed  a  whole  school  of  botanical  geog- 
raphers, who  directed  their  work  on  historical  plant  geography  along 
the  Hnes  indicated  by  him.  A  great  memorial  to  this  school  is  the 
collection  of  botanico-geographical  monographs  edited  by  Engler  and 
Drxide  under  the  general  title  "Vegetation  der  Erde". 

These  investigations  were  provided  with  an  even  firmer  foundation 
and  developed  more  rapidly  after  the  pubHcation,  in  1898,  of  the 
work  we  have  already  mentioned  by  Wettstein  on  the  botanico-geo- 
graphical method  in  plant  taxonomy  and  its  further  elaboration  by 
V.  L.  KoMAROV  in  the  introduction  to  this  "Flora  of  Manchuria" 
(1901). 

The  number  of  works  in  our  field  of  science  from  this  time  on  in- 
creases so  rapidly  that  it  is  no  longer  possible  to  review  them  as  fully 
as  we  have  up  to  this  point,  and  we  shall  now  limit  ourselves  to  an 
enumeration  of  the  chief  problems  and  investigations  that  have  played 
an  important  role  in  the  development  of  historical  plant  geography. 

Among  such  investigations  are  those  of  Nathorst  and  Andersson 
on  fossil  plants  of  the  Ice  Age.  The  first  irrefutable  proof  of  the 
former  extension  of  arctic  flora  considerably  further  south  than  its 
present  southern  Hmits  was  established  in  1842  by  Steenstrup,  who 
found  in  Danish  peat  bogs  a  number  of  fossil  remains  of  plants  giving 
undoubted  indications  as  to  the  past  history  of  the  vegetation  of  Den- 
mark. However,  the  fact  of  the  finding  of  fossil  flora  of  the  Ice  Age 
received  full  recognition  only  later,  when  in  1870  Nathorst  found 
representatives  of  this  flora  in  eight  different  localities  in  southern 
Sweden.  By  his  detailed  studies  and  those  of  other  investigators  the 
presence  of  glacial  flora  was  established  in  very  many  localities  not  only 
in  Sweden  but  also  in  Norway,  Denmark,  the  Baltic  Region,  Germany, 
England,  Scotland,  Switzerland,  Hungary,  France,  etc.  These  findings 
gave  entirely  unexpected  indications  as  to  the  migrations  of  species 
during  and  immediately  following  the  Ice  Age.  Moreover,  these  in- 
vestigations showed  that  the  fossil  remnants  of  Ice  Age  flora  found 
in  a  single  locality  were  not  identical  but  showed  variations  depending 
on  the  age  of  the  deposits  in  which  they  were  embedded;  the  more 
recent  a  deposit  the  more  closely  did  the  species  composition  of  its 
fossil  flora  resemble  that  of  the  flora  of  the  locahty.  The  numerous 
investigations  along  this  line  which  followed  directly  after  those  of 
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Nathorst  enabled  Andersson  in  1897  to  outline  the  history  of 
the  vegetation  of  Sweden  and  of  northern  Europe  in  general. 

Closely  linked  with  the  problem  of  the  Arctic  flora  is  that  of  the 
origin  and  history  of  development  of  the  Alpine  flora,  of  the  finding  in 
the  Alps  of  species  of  Arctic  flora  and  the  finding  of  Alpine  plants  far 
to  the  north.  On  these  problems  many  papers  have  appeared  by  vari- 
ous investigators.  First  among  these  papers  was  that  by  Christ 
(1867). 

Another  important  question  of  historical  plant  geography,  the  inter- 
relations between  the  floras  of  North  America  and  eastern  Asia,  was 
raised  as  early  as  1846  by  Asa  Gray  and  discussed  by  him  in  greater 
detail  in  a  number  of  subsequent  papers.  The  accumulation  of 
paleobotanical  data  pointing  to  the  fact  that  a  number  of  genera,  such 
as  Liquidamhar,  Sassafras,  Aralia,  Magnolia,  Liriodendron,  Taxodium, 
Sequoia,  etc.,  represented  in  our  day  in  North  America  by  various 
species  but  absent  in  Europe,  had  in  the  Tertiary  Period  an  extensive 
distribution,  being  found  as  far  north  as  Greenland,  gave  grounds  for 
Gray  to  conclude  that  the  flora  of  North  America  in  the  Tertiary 
Period  was  closely  allied  and  in  many  respects  identical  to  the  flora 
then  found  in  Greenland,  Spitsbergen,  and  northern  Europe. 

A  second  very  important  service  of  Gray  was  that  he  pointed  out 
the  existence  of  an  undoubted  connection  between  the  flora  of  the 
Atlantic  states  of  North  America  and  that  of  northeastern  Asia.  This 
remarkable  fact,  confirmed  by  an  extensive  list  of  species,  Gray  ex- 
plains as  follows:  The  flora,  of  which  these  species  constitute  remnants, 
was  distributed  in  the  Miocene  in  what  is  now  the  arctic  and  subarctic 
zone.  As  the  cUmate  became  colder  and  the  glaciers  advanced,  this 
flora  retreated  toward  the  south  and  survived  until  the  present  time  in 
those  regions  that  preserved  climatic  conditions  approximating  those 
of  former  times,  as  occurred  in  eastern  Asia  and  Japan,  on  the  one 
hand,  and  on  the  western  and  eastern  shores  of  North  America,  on  the 
other.  These  data  indicate  that  during  the  Tertiary  Period  there  was  a 
direct  connection  and  interchange  of  forms  between  Asia  and  America, 
a  land-bridge  presumably  existing  at  that  time  where  the  Bering  Strait 
now  lies.  In  1859  Maximovicz  presented  data  showing  that  the  flora 
of  eastern  Asia  had  preserved  much  of  its  Tertiary  character. 

Among  other  investigations  of  importance  for  historical  plant 
geography  we  may  mention  those  concerned  with  the  problem  of  peat 
bog  vegetation,  which  have  made  it  possible  not  only  to  establish  the 
succession  of  floras  in  the  post-glacial  period  but  also  to  determine  the 
past  areas  of  existing  species  of  woody  plants.  These  data,  gleaned 
from  a  study  of  microscopic  plant  remains  in  peat-deposit  profiles, 
acquired  a  firmer  foundation  and  developed  more  rapidly  after  Weber 
(1896)  and  Lagerheim  (1905)  had  proposed  a  special  microscopic 
method  of  investigating  the  plant  remains  in  peat  bogs.  This  method 
is  based  on  a  study  of  pollen  found  by  taking  a  number  of  successive 
samples  at  different  depths  in  peat  deposits.  Thanks  to  the  taxonomic 
specificity  of  the  structure  of  pollen,  it  is  relatively  easy  to  determine 
to  which  genus  and  sometimes  to  which  species  it  belongs.  On  the 
basis  of  such  investigations  it  is  possible  to  judge  as  to  the  species 
composition  of  a  past  forest,  as  to  the  quantitative  interrelations  of  the 
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species  forming  it,  and  as  to  tiie  ctianges  in  species  composition  of  the 
woody  vegetation  during  the  various  stages  in  the  post-glacial  period. 
These  data  constitute  exceptionally  valuable  material  for  an  under- 
standing of  the  areas  of  present-day  vegetation  and  of  the  changes 
which  these  areas  have  undergone  during  the  Quaternary  Period.  The 
investigations  now  under  way  of  pollen  and  spores  preserved  in  loess 
(SuKACHEV,  1937)  and  more  ancient  deposits,  e.g.,  in  Tertiary,  Jurassic, 
and  Carboniferous  coals,  will,  in  all  probability,  disclose  much  that  is 
new  as  regards  the  distribution  of  genera  of  present  and  past  floras. 

By  the  end  of  the  nineteenth  century  botanical  geography,  as  an 
independent  science,  had  already  attained  such  development  that  it 
seemed  possible  and  necessary  to  sum  up  the  facts  accumulated  by  it. 
This  found  expression  in  the  publication  of  a  number  of  manuals  on 
phytogeography,  in  most  of  which  problems  of  historical  plant  geog- 
raphy occupied  a  place.  Among  such  manuals  we  may  mention  the 
"Handbuch  der  Pflanzengeographie "  by  Drude,  a  renowned  investi- 
gator in  the  field  of  botanical  geography.  In  this  "Handbuch",  which 
appeared  in  1890,  we  find  entire  chapters  devoted  to  such  problems  as 
areas  of  distribution  and  the  flora  of  islands,  mountain  peaks,  and  sub- 
tropical deserts. 

Very  interesting  and  pregnant  with  ideas  is  the  book  of  Solms- 
Laubach  (1905),  "Die  leitenden  Gesichtspunkte  einer  allgemeinen 
Pflanzengeographie  in  kurzer  Darstellung".  In  this  book  the  author, 
among  a  number  of  other  problems,  discusses  the  manner  in  which  a 
species  penetrates  into  a  new  habitat,  changes  in  equilibrium  in  plant 
distribution  resulting  from  disturbance  in  habitat  conditions,  and 
insular  floras.  Lastly,  we  should  not  fail  to  mention  Schroter's 
"Genetische  Pflanzengeographie"  (ist  ed.,  1912),  which  gives  a  very 
excellent,  though  brief,  exposition  of  the  principles  of  historical  plant 
geography. 

Our  aim  in  the  present  chapter  has  not  been  to  set  forth  in  detail 
the  entire  history  of  the  study  of  our  science,  historical  plant  ge- 
ography, but  only  to  note  the  principal  stages  in  this  study  to  serve  as 
an  introduction  to  subsequent  chapters.  The  problems  taken  up  in 
these  chapters  are,  in  most  cases,  treated  in  their  historical  perspective, 
each  chapter  constituting  a  synthesis  of  numerous  works  and  repre- 
senting, so  to  say,  a  continuation  of  our  historical  review. 

Historical  plant  geography  is  a  science  in  process  of  formation. 
Before  it  lies  a  vast  field  for  development,  and  the  more  firmly  are 
established  its  underlying  principles  and  the  more  data  for  its  up- 
building are  assembled  by  scierftific  investigators,  the  greater  will  be 
its  significance  as  a  foundation  for  other  disciplines. 
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AREAS,  THEIR  CENTERS  AND   BOUNDARIES 

Area  Concept  Defined:  —  By  area  {area  geographica)  is  understood, 
taking  the  Latin  meaning  of  this  word,  the  region  of  distribution  of  any 
taxonomic  unit  (species,  genus,  or  family)  of  the  plant  (or  animal) 
world.  A  distinction  is  made  between  natural  areas,  occupied  by  a 
plant  as  a  result  of  its  dispersal  caused  by  the  combined  action  of 
various  natural  factors,  and  artificial  areas,  arising  as  a  consequence  of 
the  intentional  or  accidental  introduction  of  a  plant  by  man. 

Within  the  limits  of  its  area  a  plant  does  not  occupy  the  entire 
surface  of  the  earth  but  leaves  smaller  or  larger  intervening  spaces 
unoccupied.  This  is  due  to  the  biological  pecuharities  of  plants  and  to 
their  adaptation  to  local  habitat   conditions,  which   even  within   the 


Fig.  I.  —  Example  of  a  discontinuous  area.    Areas  of  Saponaria  ocymoides  and  S.  pumila, 
restricted  to  mountain-tops  in  the  Alps.    (After  Hegi). 

limits  of  a  small  territory  may  vary  to  a  considerable  extent.  Among 
such  local  conditions  are:  physical  and  chemical  properties  of  the  soil 
and  its  humidity,  micro-relief,  micro-climate,  geographical  location  with 
reference  to  the  countries  of  the  world,  influence  of  animals  and  man, 
interrelations  with  other  plants,  etc.  The  character  of  the  distribution 
of  a  plant  within  the  hmits  of  its  area  or,  in  other  words,  the  local 
distribution  of  a  plant,   is  known  as  its  topography   (de   Candolle, 

1855)- 

The  area  of  distribution  of  a  plant  is  best  pictured  by  maps,  on 
which  all  its  known  habitats  are  indicated  by  dots.  Connecting  by  a 
line  all  the  outer  points  of  the  distribution  of  a  given  plant,  we  are  able 
to  judge  as  to  the  shape  of  its  area.  The  shape  of  an  area  depends 
on  the  combined  effect  of  the  biological  peculiarities  of  the  plant  and 
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the  physico-geographical  conditions  of  the  country,  the  latter  usually 
playing  the  predominant  role.  The  configuration  of  an  area  depends, 
to  a  large  extent,  on  the  latitude.  In  the  frigid  and  temperate  zones, 
as  DE  Candolle  pointed  out,  the  diameter  of  most  areas  from  west  to 
east  is  much  greater  than  that  from  north  to  south,  due  to  the  con- 
siderably greater  variation  in  climatic,  particularly  temperature,  condi- 
tions, in  the  case  of  the  latter  direction.  Such  areas,  therefore,  have 
the  shape  of  an  ellipse  extending  from  west  to  east.  The  areas  of 
species  in  the  torrid  zone  have  a  relatively  longer  (as  compared  to  the 
preceding  case)  diameter  from  north  to  south.  Cases  in  which  both 
diameters  are  of  the  same  length,  the  area  being  roughly  circular  in 
shape,  are  of  very  rare  occurrence. 

The  establishment  of  regularities  in  the  formation  of  areas  and  a 
study  of  the  areas  themselves  lead  to  the  elucidation  of  their  history 
and  origin,  a  basic  task  of  historical  plant  geography,  since  it  enables 
us  to  arrive  at  conclusions  as  to  the  history  and  origin  of  floras.  The 
carrying  out  of  this  task  is  by  no  means  easy.  Difficulties  arise  from 
a  number  of  sources.  The  chief  is  our  insufficient  knowledge  regarding 
the  flora  of  many  regions  of  the  globe  and,  hence,  regarding  the  present 
geographical  distribution  of  species,  a  factor  which  taxonomists  have 
begun  only  recently  to  take  into  account  in  a  general  way.  Our 
knowledge  of  the  former  distribution  of  species,  since  the  finding  of 
well-preserved  fossil  remains  is  of  exceptionally  rare  and  chance  occur- 
rence, is  even  more  meager,  often  practically  neghgible.  And  it  hap- 
pens, as  we  shall  see  below,  that  the  structure  of  an  area  in  many 
cases,  particularly  of  a  discontinuous  area,  may  be  explained  only  on 
the  basis  of  its  conformation  in  former  times  and  not  on  the  basis  of 
natural  causes  now  in  force. 

Another  obstacle  to  an  elucidation  of  the  distribution  of  a  species 
is  our  inadequate  knowledge  of  the  pecuHarities  of  its  ecology.  Amorig 
such  peculiarities  we  may  mention:  abihty  to  grow  only  within  certain 
restricted  temperature  limits—s tenothermy;  adaptability  to  specific 
habitat  conditions— soil,  humidity,  Hght,  cohabitation  with  other 
organisms  (s3Tnbiosis,  mycorrhiza,  parasitism),  presence  of  special  in- 
sect pollinators— 5tewo/o/'y.  Lastly,  in  most  cases  we  do  not  know 
whether  the  given  area  represents  the  limit  of  possible  distribution  of 
the  species  or  whether  the  area  is  still'  in  the  process  of  expansion. 

As  an  example  of  the  close  relation  between  plant  distribution  and 
definite  edaphic  conditions  we  may  mention  plants  found  only  on  serpen- 
tine soils  (Lammermayr,  1926,  1927;  Novak,  1928).  However,  as  early 
as  1865  Naegeli  pointed  out  that  the  character  of  the  distribution  of  a 
plant  cannot  be  explained  only  by  the  physical  or  chemical  nature  of 
the  soil,  since  the  latter  factor  acts  in  combination  with  climatic  and 
biotic  factors.  When  growing  apart  from  one  another,  species  may  be 
indifferent  to  soil  conditions,  while  when  growing  together,  the  same 
species,  due  to  mutual  competition,  may  show  preference  for  definite 
and  different  soils.  Thus,  Rhododendron  hirsutum  and  R.  ferrugineum, 
when  found  apart,  grow  both  on  soils  rich  and  on  soils  poor  in  lime, 
but  when  found  together,  the  former  is  adapted  to  calcareous  and  the 
latter  to  non-calcareous  soils.  Hence,  edaphic  conditions  themselves 
constitute  in  this  case  only  an  indirect  cause  of  the  "adaptation"  of 
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these  species  to  different  soils,  such  "adaptation"  being  determined  by 
competition  between  the  two  species. 

Center  of  an  Area:  —  Of  vital  importance  for  the  study  and  under- 
standing of  an  area  is  the  determination  of  that  initial  territory  whence 
a  genus  or  species  began  its  dispersal  whereby  it  reached  the  present 
boundaries  of  its  area.  This  initial  territory  where  an  area  originated 
is  known  as  the  center  of  the  area.  One  of  the  first  definitions  of  the 
concept  of  the  center  of  an  area  was  given  by  Robert  Brown  (1869), 
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Fig.  2.  —  Example  of  a  discontinuous  area.    Localities  of  Euphorbia  palustris,  re- 
stricted to  the  river  basins  of  central  Europe.    (After  Hegi). 

who  formulated  it  approximately  as  follows:  Each  genus  seems  to  have 
arisen  in  that  center  in  which  the  greater  number  of  its  species  is 
found;  these  centers  have  doubtless  undergone  many  modifications 
as  a  result  of  geological  changes,  and  many  anomalies  in  the  distribu- 
tion of  plants  may  be  thus  explained. 

There  are  no  grounds  for  presuming  that  a  new  species  will  not 
extend  its  area  beyond  the  limits  of  the  region  of  its  origin.  It  will, 
without  any  doubt,  begin  to  spread  in  all  directions  open  to  it,  and  the 
region  of  its  origin  will  constitute  the  center  of  the  area  being  formed. 
Further  on  we  shall  discuss  more  in  detail  the  origin  of  an  area,  and  we 
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shall  then  refer  again  to  the  problem  of  the  initial  center  of  an  area. 
We  shall  now  examine  the  methods  of  locating  the  center  of  an  area. 

The  determination  of  the  location  of  the  center  of  an  area  is  closely 
connected  with  the  estabhshment  of  the  habitats  of  the  species  or  other 
taxonomic  unit  whose  area  is  under  study.  Consequently,  the  historico- 
geographical  study  of  an  area  should  be  based  on  a  monographic  study 
of  the  given  taxonomic  unit — species,  genus,  or  family — and  the  elu- 
cidation of  its  kinship  to  closely  related  taxonomic  units  of  the  same  or 
different  rank. 

In  order  to  establish  the  center  of  formation  of  an  area  and  the 
successive  stages  of  its  development,  it  is  necessary  to  know  its  past 
history,  which  paleobotany  alone  is  in  a  position  to  give.  Unfortu- 
nately, its  data  are  very  incomplete  and  rarely  enable  one,  on  their 
basis,  to  establish  the  entire  past  history  of  an  area.  Nevertheless, 
there  are  very  few  cases  when  the  fossil  remains  of  any  given  taxo- 
nomic unit  are  found  exclusively  within  the  boundaries  of  the  present 
area  of  that  unit,  i.e.,  cases  when  we  might  consider  the  present  area 
to  be  the  place  of  origin  and  habitat  of  the  given  taxonomic  unit  during 
the  entire  period  of  its  existence.  Usually  fossil  remains  are  found 
outside  the  present  area,  sometimes  embracing  an  area  of  distribution 
considerably  larger  than  the  present  one  and  occupying  entirely 
different  regions.  In  such  cases  even  very  incomplete  paleobotanic 
data  give  us  indications  as  to  the  past  area  and  guard  us  from  falsely 
interpreting  facts  of  the  present  distribution  and  from  determining  the 
center  of  the  area  only  on  the  basis  of  contemporary  data.  Paleobo- 
tanic data  have  in  many  cases  shown  that  the  habitats  of  a  taxonomic 
unit  and,  consequently,  also  the  initial  center  of  its  area,  may  have 
been  situated  outside  its  present  boundaries,  a  circumstance  occurring 
both  in  the  geography  of  plants  and  animals.  Hence,  in  most  cases 
only  the  center  of  the  present-day  distribution  of  a  given  unit  may  be 
found  within  its  present  area  but  not  the  center  of  its  origin,  i.e.,  not 
the  center  of  the  area  itself. 

Theoretically  we  can  distinguish  between  two  kinds  of  centers  of 
areas:  the  first,  the  region  where  there  is  accumulated  the  greatest 
number  of  habitats  of  the  given  taxonomic  unit — the  center  of  frequency 
(Frequenzcentrum — Samuelsson,  1910);  the  second,  the  region  where 
there  is  concentrated  the  greatest  diversity  and  wealth  of  forms — the 
mass  center  or  center  of  maximum  variation  (Tureill,  1939).  The  latter 
center  of  an  area,  taking  into  account  our  present,  insufficiently  de- 
tailed knowledge  of  wild  species,  may  be  located,  for  the  most  part, 
only  for  units  of  the  higher  ranks.  There  is  no  doubt,  however,  that 
for  the  elucidation  of  the  origin  of  an  area  it  is  of  more  importance  to 
locate  the  center  of  maximum  variation  of  the  taxonomic  unit  whose 
area  is  under  study  than  to  locate  its  center  of  frequency,  which  de- 
pends more  on  ecological  than  on  historical  causes. 

Both  as  regards  the  variety  and  frequency  of  stations  and  as  re- 
gards the  concentration  of  diverse  forms,  we  may  consider  that  a 
variety  or  species  newly  arising  from  an  initial  form  will  be  found  in 
greatest  numbers  not  far  from  the  place  of  its  origin,  its  representatives 
gradually  decreasing  in  number  as  one  proceeds  from  this  center  of  the 
area  toward  its  periphery.    At  the  time  of  its  origin  a  species  naturally 
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finds  itself  in  favorable  conditions,  since  otherwise  there  would  be  no 
occasion  for  its  arising  there.  If  a  species  should  accidentally  arise  in 
unsuitable  conditions,  it  would  be  immediately  destroyed  as  a  result  of 
natural  selection.  A  new  species  is  highly  variable,  reacting  to  all  the 
micro-  and  macro-conditions  of  its  habitat,  and,  hence,  gives  rise  to  a 
large  number  of  forms. 

Pachosky  (1921)  considers  that  the  above-noted  decrease  in  number 
of  representatives  of  a  species  or  variety  toward  the  periphery  of  its 
area  is  closely  connected  with  adaptability  to  definite  habitat  condi- 
tions, particularly  to  a  definite  type  of  soil.  In  the  center  of  an  area, 
where,  as  a  rule,  the  habitat  conditions  of  a  given  species  most  nearly 
approximate  the  optimum,  it  can  grow  under  fairly  diverse  conditions, 
even  on  different  soils.  On  the  other  hand,  farther  from  this  region] 
i.e.,  nearer  to  the  periphery  of  the  area,  not  only  is  an  optimum  com- 
bination of  factors  of  more  rare  occurrence  but  often  there  is  lacking 


Fig.  3.  Centers  of  frequency  in  areas  of  species  of  the  genus  Hieracium  on  the  Scandina- 
vian peninsula  (Swedish  West  Coast) :  left,  Hieracium  meticeps;  right,  B.  Moroleucum  (After 
Samuelsson). 

even  that  minimum  of  conditions  required  for  the  normal  existence  of  a 
species.  For  example,  the  beech  tree,  ordinarily  capable  of  growing  on 
a  variety  of  soils,  on  the  periphery  of  its  area  is  confined  solely  to  lime 
soils.  Relic  species  and  species  becoming  extinct  likewise  prefer 
localities  with  lime  or  chalk  soils  for  their  habitats.  Apparently  the 
physical  conditions  of  the  substrata  of  these  soils  provide  for  'such 
species  more  favorable  conditions  as  regards  competition  with  other 
species,  thus  allowing  them  to  maintain  themselves,  despite  the  fact 
that  the  habitat  conditions  as  a  whole  deviate  considerably  from  those 
normal  for  them. 

As  regards  the  effect  of  climatic  factors  on  the  distribution  of  a 
species  within  the  hmits  of  an  area,  Graebner  (1910)  distinguishes 
between  the  "region  of  compact  distribution",  within  which  asp  ecies 
finds  Itself  in  optimum  conditions  as  regards  climatic  factors  and  the 
'absolute  limit  of  distribution",  where  the  stations  of  a  species  are 
confined  to  certain  localities  having  specific  habitat  conditions. 
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From  the  foregoing  it  is  clear  that  the  farther  from  the  center  of  an 
area  the  more  rarely  do  conditions  suitable  for  the  growth  of  a  given 
species  occur,  which  results  in  the  peripheral  regions  of  an  area  being 
more  sparsely  inhabited  by  the  species  than  the  center.  Moreover, 
plants  growing  under  conditions  unsuitable  for  them  will  quite  natur- 
ally find  themselves  subjected  to  competition  and  crowding  out  by 
closely  related  species  for  which  these  same  conditions  are  more  suit- 
able. 

This,  however,  can  by  no  means  be  taken  as  an  unconditional  and 
universal  proposition.  We  can  assume  also  the  occurrence  of  such 
cases — and  they  actually  do  occur — where  a  species,  spreading  in  the 
direction  of  the  periphery  of  its  area,  encounters,  often  far  from  the 
place  of  its  origin,  favorable  habitat  conditions,  perhaps  even  more  favor- 
able than  existed  in  the  center  of  the  area,  which  give  an  impetus  to  new 
form-genesis.  But  such  form-genesis,  leading  even  to  the  origin  of  new 
species  on  the  periphery  of  the  area  of  the  initial  species,  may  also  be 
due  to  unfavorable  conditions.  We  shall  discuss  this  in  more  detail 
later.  We  should,  therefore,  distinguish  between  the  center  of  origin 
of  an  area  and  the  center  of  its  development,  the  latter  in  such  cases 
being  necessarily  regarded  as  a  secondary  mass  center  (or  centers,  since 
there  may  be  several  of  them)  of  the  area. 

Hence,  when  a  species  arises  at  any  point  of  its  future  area  there  is 
created,  first  of  all,  a  center  of  propagation  of  this  species,  the  center  of 
frequency  of  its  area,  and  then  there  develops  its  differentiation  into  a 
number  of  forms  of  different  taxonomic  rank,  the  creation  of  a  center  of 
maximum  variation,  or  a  mass  center  of  the  area.  In  young  species 
the  latter  center  may  not  exist  at  all,  or  it  may  coincide  with  the  center 
of  frequency.  Later  on,  such  coincidence  will  be  broken,  since  the 
primary  mass  center  will  remain  in  its  original  place,  while  the  initial 
center  of  frequency  may  disintegrate  and  arise  anew  at  one  or  another 
point  in  the  migration  of  forms  issuing  from  the  primary  center  of 
formation  of  a  species.  A  species  during  the  course  of  its  dispersal 
may,  under  especially  favorable  conditions,  enter  into  a  phase  of  new 
form-genesis,  as  a  result  of  which  there  will  arise  a  secondary  rnass 
center  of  the  area,  which  in  contrast  to  the  primary  center  of  its  origin 
constitutes  a  center  of  the  subsequent  development  of  the  area  and 
wiU  be  characterized  by  the  presence  of  younger  forms.  The  secondary 
nature  of  such  a  center  may  be  established  by  a  combination  of  various 
methods  of  botanical  study,  by  which  it  would  be  shown  that  in  the 
center  of  origin  there  is  a  concentration  of  more  ancient  and  primitive 
forms,  as  compared  with  those  concentrated  in  the  secondary  center  of 
development. 

From  the  foregoing  we  may  conclude  that  the  region  of  frequency  of 
stations  may  ordinarily  be  expected  to  coincide  with  the  region  of 
maximum  variation,  i.e.,  with  the  center  of  origin  of  the  area,  in  those 
cases  where  the  distribution  of  the  given  taxonomic  unit  has  not  yet 
been  subjected  to  any  later  influences  inducing  alterations  in  the 
character  of  the  area. 

As  regards  the  area  of  a  species,  correspondence  of  the  center  of 
frequency  with  the  center  of  the  area  is  characteristic,  as  we  noted 
above,  for  areas  of  young  species.     To  illustrate  this  point  we  may 
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present  data  obtained  by  Samuelsson  (1910)  from  a  study  of  the  areas 
of  several  species  endemic  to  the  Scandinavian  peninsula.  His  maps  of 
the  distribution  of  Hieracitim  meticeps  and  H.  chloroleucum  give  a  clear 
picture  of  the  character  of  the  areas  of  these  species  and  the  centers  of 
greatest  frequency  of  their  stations.  These  centers  of  frequency  are  at 
the  same  time  the  centers  of  origin  of  the  areas  of  these  species. 
Samuelsson  considers  these  species  to  be  of  comparatively  recent 
origin,  having  arisen  during  the  Ice  Age  after  the  end  of  the  last 
(Mecklenburg)  glaciation.  Each  arose— possibly  by  mutation— at  a 
certain  point,  which  became  the  center  of  its  area,  whence  dispersal 
proceeded  in  various  directions.  The  present  boundaries  of  these  areas, 
therefore,  cannot  be  regarded  as  climatic  boundaries.  They  merely 
mark  in  each  case  the  limits  of  that  territory  which  the  given  species 
has  succeeded  in  occupying  at  this  stage  of  its  dispersal,  a  territory 
which  in  the  future  will  continue  to  expand. 

With  respect  to  the  terminology  of  the  concepts  of  the  center  of  an 
area,  Arwidsson  (1928)  has  proposed  that  those  areas  entirely  in- 
cluded within  the  limits  of  one  well-defined  region  be  called  unicentric, 
in  contrast  to  bicentric  (embracing  two  regions),  tricentric,  etc.,  or  poly- 
centric  areas  (Christ),  if  there  are  many  such  centers. 

As  an  example  of  how  the  center  of  maximum  variation  of  a  genus 
may  be  located— without  giving,  however,  any  indication  as  to  the 
primary  or  secondary  nature  of  this  center — we  may  take  the  data  of 
Shirjaev  (1932)  on  the  area  of  distribution  of  the  genus  Ononis.  The 
species  and  subspecies  of  this  genus  are  distributed  throughout  the 
world  as  follows: 


No 

of  species 

No. 

of  species 

Country 

and 

subspecies 

Counlry 

and 

subspecies 

Morocco 

52 

Austria 

6 

Algeria 

44 

Istria 

6 

Spain 

44 

Rhodes 

6 

Italy 

24 

Carpathians 

6 

Portugal 

20 

Albania 

e 

Syria  and  Palestine 

19 

Egypt 

0 

s 

Tunis 

18 

Central  Europe 

4 

Sicily 

18 

Hungary  and  Rumania 

4 

Asia  Minor 

17 

Bulgaria 

4 

France 

16 

Arabia 

4 

Sardinia 

14 

Armenia  and  Transcaucasia 

3 

CjT^rus 

13 

Crimea 

3 
3 

Tripolitania  and  Libya 

13 

Madeira 

Canary  Islands 

II 

Greece 

0 

2 

Mesopotamia  and  Kurdistan 

10 

England 

2 

Crete 

10 

Turkestan 

2 

Corsica 

10 

Afghanistan 

2 

Jugoslavia 

10 

Caucasus  (excl.  Transcaucasia) 

Islands  of  Aegean  Sea 

9 

So.  European  U.S.S.R. 

Dalmatia 

9 

Southern  Siberia 

Iran 

7 

Mongolia 

Balearic  Islands 

7 

Northwestern  India 

Tyrol 

7 

Eritrea 

Thrace 

7 

Abyssinia 

Switzerland 

6 

From  a  study  of  these  data  Shirjaev  draws  the  conclusion  that  the 
center  of  origin  and  development  of  the  area  of  the  genus  Ononis  com- 
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prised  the  Iberian  Peninsula  (Spain,  44  species;  Portugal,  20  species), 
Morocco  (52  species),  and  Algeria  (44  species),  which  at  one  time 
formed  a  united  region.  This  conclusion  has  been  visualized  by  a  map 
drawn  by  Szymkiewicz  (1933)  on  the  basis  of  these  same  data.* 

Another  example  is  provided  by  a  table  given  by  Szymkiewicz 
himself,  where  the  number  of  species  are  given  for  regions  located  at 
approximately  the  same  latitude  from  the  Iberian  peninsula  to  Japan. 
For  each  genus  the  figures  in  bold-faced  type  indicate  the  region  or 
regions  in  which  the  genus  is  represented  by  the  greatest  diversity  of 
species. 


Iberian 

Arme- 
nia & 
Cauca- 

Soviet 

Far  East- 

Genus 

Penin- 
sula (so. 

Italy 

Greece 

Asia 
Minor 

Iran 

Central 
Asia 

Altais 

ern  Re- 
gion 

Japan 

part) 

sus 

Armeria 

37 

16 

3 

2 

0 

0 

0 

0 

I 

0 

Genista 

47 

34 

13 

12 

5 

0 

I 

0 

0 

0 

HeUanthemum 

27 

i6 

10 

II 

7 

s 

I 

0 

0 

0 

Trifolium 

54 

98 

64 

61 

45 

15 

14 

7 

2 

I 

Lotus 

20 

24 

17 

14 

10 

6 

4 

3 

I 

I 

Coronilla 

9 

11 

8 

6 

5 

2 

I 

0 

0 

0 

Silene 

S8 

6S 

86 

73 

65 

41 

49 

14 

10 

10 

Atyssiim 

13 

16 

20 

40 

27 

14 

II 

3 

0 

0 

Gypsophila 

3 

3 

7 

24 

23 

16 

19 

7 

3 

0 

Onobrychis 

10 

8 

7 

21 

27 

22 

13 

I 

0 

0 

Astragalus 

43 

28 

37 

146 

253 

317 

328 

55 

6 

6 

Ferula 

S 

4 

3 

4 

9 

14 

36 

3 

0 

0 

Artemisia 

20 

17 

S 

'3 

20 

23 

68 

30 

3° 

17 

Saussurea 

0 

0 

0 

0 

I 

2 

41 

23 

24 

19 

Similarly,  we  may  take  the  distribution  of  wild  species  of  Nicoiiana, 
a  genus  including,  according  to  data  of  a  study  of  the  geography  of  this 
genus  made  by  Grabovetskaya  (1937),  a  total  of  76  species.  They  are 
distributed  as  follows:  North  America,  12  (of  which  7  are  endemic); 
Central  America,  14  (7  endemic);  South  America,  43  (39  endemic); 
Austraha,  14  (all  endemic).  On  the  basis  of  these  data  the  center  of 
the  area  of  this  genus  must  be  regarded  as  South  America. 

This  method  of  determining  the  location  of  the  centers  of  origin  of 
genera,  and  on  the  basis  of  the  latter,  the  centers  of  development  of 
floras,  is  at  the  present  time  generally  accepted,  but  it  should,  never- 
theless, be  emphasized  that  this  method  is  only  relatively  rehable,  in 
many  cases  leading  undoubtedly  to  incorrect  conclusions.  Most  genera 
of  angiosperms  originated  in  the  Cretaceous  period,  some  probably  even 
earlier,  in  the  Jurassic.  Having  attained  at  the  end  of  the  Cretaceous 
and  beginning  of  the  Tertiary  periods  a  very  wide  distribution,  most  of 
them  had  at  that  time  a  considerably  more  hmited  intrageneric  differen- 
tiation than  at  present.  Intensive  processes  of  species-formation  and 
the  initiation  of  geographical  series  of  species  (see  below)  were  not 
begun  until  later,  in  the  second  half  of  the  Tertiary  period.  These 
were  induced  by  climatic  changes,  particularly  decrease  in  humidity, 
and  geomorphological  changes— mountain-forming  processes   {e.g.,  the 

*  Discrepancies  between  the  figures  on  the  map  and  those  in  Shirjaev's  table  arise 
from  the  fact  that  for  the  map  Szymkiewicz  used  only  the  number  of  species,  whereas 
Shirjaev  included  subspecies  as  well. 
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uplifting  of  the  Alps  and  the  Himalayas,  which  radically  altered  the 
climatic  conditions  of  the  regions  lying  north  of  these  mountain  ranges), 
shifting  of  sea  basins  (formation  of  deserts  where  formerly  there  were 
seas  and  the  formation  of  seas  where  formerly  there  was  dry  land), 
separation  from  the  continents  of  archipelagos  and  islands,  which 
formerly  constituted  a  united  whole,  etc. 

Consequently,  the  present-day  concentration  of  species  only  in  rare 
instances  can  reflect  the  actual  center  of  origin  of  the  genus;  usually  it 
indicates  the  center  not  of  the  past  but  of  the  present  development  of 
the  genus.  In  view  of  this,  conclusions  made  on  the  basis  of  data  on 
the  migration  of  a  genus  from  such  a  center  of  development  are  founded 
on  incorrect  premises  and  in  many  cases  are  utilized  for  broad  generali- 
zations, which  cannot  be  accepted  without  reservations,  except  upon 
further  verification. 

_  This  explains  why  newer  methods  of  determining  the  center  of 
origin  of  a  genus  are  being  sought,  but  it  may  be  taken  for  granted 
that  these  methods  will  be  able  to  give  full  assurance  as  to  the  relia- 
bility of  the  results  obtained  only  in  case  they  are  confirmed  by  paleo- 
botanic  data.  In  the  absence  of  the  latter,  conclusions  drawn  solely 
on  the  basis  of  the  present  distribution  of  species  will  evoke  doubts  as 
to  their  validity.  Szymkiewicz  (1934,  1936,  1937)  has  in  recent  years 
made  intensive  studies  with  the  aim  of  finding  new  methods  of  locating 
the  centers  of  areas  and  of  tracing  the  development  of  floras.  The 
methods  proposed  by  him  may  be  summarized  as  follows: 

If  we  take  as  the  center  of  origin  of  a  genus  that  region  where  the 
greatest  number  of  its  species  are  concentrated,  we  do  not  take  into 
account  differences  in  the  character  of  the  areas  of  the  various  species, 
as  a  result  of  which  we  compare  figures  that  are  phytogeographically 
of  unequal  value.  Szymkiewicz  divides  species,  as  regards  the  charac- 
ter of  their  areas,  into  three  categories:  (i)  endemic  and  subendemic, 
the  latter  meaning  species  whose  areas  extend  only  slightly  beyond  the 
boundaries  of  their  primary  natural  regions;  (2)  species  whose  areas 
embrace,  in  addition,  a  second  natural  region  phytogeographically 
identical  to  the  first;  (3)  widely  distributed  species,  in  whose  areas 
the  primary  natural  region  occupies  only  an  inconsiderable  part. 
These  three  categories  of  species,  in  judging  as  to  the  center  and  origin 
of  the  area  of  a  genus,  provide  data  of  unequal  value,  the  first  being  of 
greater  significance  than  the  second  and  the  second  greater  than  the 
third.  Szymkiewicz  (1937)  proposes,  therefore,  that  the  center  of  the 
area  of  a  genus  should  be  established  not  on  the  basis  merely  of  data 
as  to  the  total  number  of  species  but  of  data  as  to  the  number  of  species 
in  each  of  the  three  above-mentioned  categories,  and  he  points  out 
that  by  the  latter  method  it  is  easier  to  detect  a  second  center  of  con- 
centration of  species,  in  case  there  are  two  such  centers.  By  way  of 
illustration  are  given  below  the  data  obtained  by  Szymkiewicz  for  the 
genus  Carex: 
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Carex 


Regions  of  distribution 

No.    OF   SPECIES 
IN  EACH  CATEGORY 

Total  no.  of  species 

27-IOI-14 

8-  70-16 

31-  67-22 
259-    70-18 

61-  77-  5 
86-  7s-  6 

9-  II-  3 
41-  16-  3 
12-     5-  2 
28-    6-  0 
51-  17-  8 

5-    9-  0 
40-  II-  I 

142 

94 
120 

347 
143 
167 

23 
60 

19 

34 
76 
14 

52 

Siberia 

Mediterranean  Basin    .... 

Eastern  Asia 

No.  America,  Pacific  Coast    . 
,  Atlantic    - 

Mexico 

Andes 

Neotropical  region 

Tropical  Africa      

Malaysia 

South  Africa 

Australia 

This  table  shows  that,  taking  the  greatest  concentration  of  species 
as  a  basis,  Eastern  Asia  would  appear  to  be  the  chief  center  of  origin  of 
the  genus  Carex  and  the  Atlantic  Coast  of  North  America  the  next 
most  important  center.  Judging  by  the  concentration  of  each  of  the 
three  categories  of  species,  the  conclusion  that  these  are  the  two  most 
important  centers  is  confirmed,  for  they  contain  the  greatest  number  of 
endemic  species. 


But  in  thus  locating  the  center  of  an  area  it  is  necessary  also  to  take 
into  account  the  fact,  well  known  to  every  author  of  a  botanical  mono- 
graph, that  species  themselves  are  not  uniform,  not  of  equal  value. 
This  may  usually  be  compensated  for  by  the  grouping  together  of 
closely  related  species  into  sections,  subgenera,  and  other  such  units. 
Consequently,  for  the  purpose  of  checking  the  conclusions  as  to  the 
center  of  the  area  of  a  genus  arrived  at  on  the  basis  of  a  calculation  of 
the  number  of  species  in  the  three  categories,  Szymkiewicz  proposes 
that  analogous  calculations  be  made  of  the  number  of  sections  or  sub- 
genera in  each  of  the  same  three  categories.  Thus,  one  first  calculates 
the  number  of  species  of  each  of  the  three  categories  in  each  section, 
and  then,  on  this  basis,  determines  the  number  of  endemic  sections, 
sections  distributed  in  two  regions,  and  sections  having  a  wide  distri- 
bution. As  an  example  let  us  take  the  data  obtained  for  the  genus 
Sisymbrium:  — 
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Sisymbrium 


Regions  of  distribution 

No.   OF   SEC- 
TIONS  IN  EACH 
CATEGORY 

Total 

NO.   OF 
SECTIONS 

No.    OF   SPECIES 
IN  EACH 
CATEGORY 

Total 

NO.   OF 
SPECIES 

Europe 

Siberia 

Mediterranean  Basin  .    .    . 

Eastern  Asia 

No.  America,  Pacific  Coast 
Mexico 

0-1-4 
0-0-2 
5-2-1 
0-0-2 
0-0-2 
0-0-2 

S-i-o 
o-o-i 
o-i-i 
2-0-0 

s 

2 

8 

2 
2 
2 

6 

I 

2 
2 

5-S-O 

0-3-0 

15-^1 
I-I-O 

2-0-0 
3-0-0 

25-0-0 
I-o-o 
2-0-0 

lo-o-o 

10 

3 

22 
2 
2 
3 

2S 
I 
2 

10 

Neotropical  region   .... 

Tropical  Africa 

South  Africa 

In  this  case  by  all  three  methods  we  get  the  same  result:  the  exist- 
ence of  two  centers,  one  in  the  Mediterranean  Basin  and  one  in  the 
Andes.  This  connection  between  the  Mediterranean  Basin  and  Central 
America  and  adjoining  territories  of  North  and  South  America  is 
characteristic  of  a  number  of  genera,  such  as  Draha,  Eryngium,  Cen- 
taurea,  Astragalus,  Trifolium,  Lupinus,  etc.  But  such  an  exact  agree- 
ment of  results  from  all  three  methods  of  investigation  does  not,  by 
any  means,  always  hold  true.  As  an  illustration  of  this,  we  may  take 
the  distribution  of  sections  in  the  genus  Carex,  for  each  of  its  subgenera 
separately,  and  compare  the  data  thus  obtained  by  Szymkiewicz  with 
those  given  above  for  species. 

Carex 


Subgenus 
Primocarex 

Subgenus 

Vignea 

Subgenus 
Indo-Carex 

Subgenus 
Eu-Carex 

Regions  or  distribction 

No.   OF  SEC- 
TIONS IN  EACH 
CATEGORY 

No.   OF  SEC- 
TIONS IN  EACH 
CATEGORY 

No.   OF   SEC- 
TIONS IN  EACH 
CATEGORY 

No.   OF   SEC- 
TIONS IN  EACH 
CATEGORY 

Europe 

Siberia 

Mediterranean  Basin      .    . 

Eastern  Asia 

North  America  — 

Pacific  Coast  .... 
North  America  — 

Atlantic  Coast     .    .    . 

Mexico 

Andes 

Neotropical  region  .... 

Tropical  Africa 

Malaysia 

South  Africa 

Australia 

0-3-4 
0-1-5 
0-1-4 
2-1-0 

3-3-3 

2-3-4 
0-0-0 
1-0-2 
I-O-O 

I-o-o 
0-0-2 
0-0-0 

O-O-I 

2-2-1 I 
O-O-II 
I-I-I  I 
2-2-10 

2-4-  8 

2-4-  6 
0-0-  3 
2-0-  6 

I-O-    I 

o-i-  0 
0-0-  5 
0-0-  2 
2-1-  4 

0-0-0 
0-0-0 

o-i-o 

2-0-3 
0-0-0 
0-0-0 

o-i-i 
0-0-2 
0-0-2 
o-o-i 
3-0-0 
o-o-i 
0-0-0 

2-I-18 
O-I-15 
0-0-20 
8-4-10 

I-3-16 

7-5-10 

O-I-  8 
I-I-I I 
0-0-  4 
i-o-  4 
o-o-io 
0-0-  6 
1-1-7 

In  this  table  there  does  not  stand  out  any  definite  center  of  the  area 
of  the  genus,  the  East-Asiatic  center  so  prominent  in  the  other  table 
for  the  genus  Carex  not  being  in  evidence  here  at  all.    We  thus  see  how 
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complicated  is  the  problem  of  determining  the  location  of  the  center 
of  an  area,  and  that  for  its  solution  statistical  calculations  alone  can 
have  only  a  very  limited  significance.  It  is  necessary  to  assemble  data 
of  an  all-sided  study  of  species— as,  for  instance,  was  done  by  Ko- 
MAROV  (1908)— disclosing  the  phylogenetically  most  primitive  types, 
the  direction  of  their  evolution,  the  centers  of  concentration  of  these 
primitive,  initial  types,  and  the  direction  of  their  further  distribution. 
Only  such  a  monographic  study,  based  also  on  paleobotanic  data,  can 
give  a  more  or  less  correct  idea  as  to  the  initial  center  of  the  area  of  a 
genus  and  of  the  secondary  centers  of  its  development. 

In  this  respect  cytological  data  may  prove  of  great  value.  It  has 
now  been  established  that  in  some  cases  species  belonging  to  the  same 
genus  differ  in  chromosome  number,  and  that  many  of  the  polyploid 
species  originated,  apparently,  as  a  result  of  chromosome  mutations 
induced  by  the  action  of  external  factors.  Species,  in  dispersing  from 
the  center  of  their  origin,  often  extend  their  area  beyond  the  boundaries 
of  optimum  conditions  for  their  existence.  As  a  result  of  the  action  of 
ecological  factors  to  which  a  species  is  not  accustomed  there  occur 
irregularities  at  meiosis  in  the  sex  cells,  which  result  in  the  phenomenon 
of  polyploidy.  This  connection  between  the  origin  of  polyploid  species 
and  definite  ecological  conditions  is  the  reason  why  such  species  have 
in  many  cases  quite  specific  geographical  areas,  differing  from  the  areas 
of  the  initial  species  (see  below;   also,  in  more  detail,  Wulff,  1937). 

It  is  now  possible,  therefore,  theoretically  to  advance  the  proposition 
that  floras  of  those  regions  of  the  globe  characterized  by  extremely  low 
temperature,  such  as  arctic  regions  and  mountain  peaks,  or  by  very 
high  temperature  and  low  humidity,  such  as  deserts,  are  distinguished 
by  an  exceptionally  large  number  of  polyploid  species.  It  must  also  be 
presumed  that  such  chromosome  mutations  have  occurred  in  nature 
not  only  under  present-day  conditions,  as  a  result  of  species  having 
become  widely  distributed  and  having  penetrated  into  localities  with 
ecological  conditions  differing  from  those  normal  for  them,  but  also  as  a 
result  of  the  great  climatic  changes  that  took  place  in  former  geological 
times  and  of  the  migrations  of  species  in  those  times. 

Arranging  the  species  of  a  genus  in  order  according  to  chromosome 
number,  we  obtain  so-called  polyploid  series  of  species,  which  at  the 
same  time  reflect  the  directfon  of  evolution  of  the  genus  and  also  the 
direction  of  its  dispersal.  Starting  from  the  premise  that  the  species 
having  the  smallest  chromosome  number  in  a  polyploid  series  usually 
is  the  initial  species,  we  may  consider  that  the  areas  of  species  charac- 
terized by  such  chromosome  numbers  are  more  ancient  than  areas  of 
species  with  larger  chromosome  numbers  and  that,  consequently,  in  the 
regions  occupied  by  these  ancient  areas  one  must  seek  for  the  initial 
center  of  the  area  of  a  genus.  As  an  illustration  we  may  cite  the  data 
of  a  cytological  investigation  of  the  genus  Iris  carried  out  by  Simonet 
(1932).  This  genus  is  widely  distributed  throughout  the  entire  north- 
ern hemisphere.  Species  having  rhizomes  occupy  the  largest  areas, 
practically  identical  to  that  of  the  genus,  while  tuber-bearing  species 
are  considerably  more  restricted  in  their  distribution.  The  area  of  the 
latter  is  confined  to  the  Mediterranean  Basin— from  the  Iberian  Penin- 
sula to   Soviet   Central  Asia,   inclusive.     Not  only   all  four  sections 
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of  tuber-bearing  irises  but  also  three  of  the  sections  of  rhizome-bear- 
ing irises  are  hmited  in  their  distribution  to  the  Mediterranean  Basin 
Moreover,    ahnost    all   the    other   sections   have    representatives   here 
These  circumstances  force  one  to  presume  that  the  center  of  origin  of 
the  area  of  the  genus  Iris  must  be  located  in  the  Mediterranean  Basin 
This   conclusion  is   confirmed   by  cytological   data.     Precisely  in   the 
Mediterranean  Basin  are  concentrated  those  species  with  the  lowest 
chromosome  numbers  (n  =  8,  9,  10,  11),  whereas  American  species  with 
the  highest  chromosome  numbers  have  areas  located  at  the  greatest 
distance   from   this   center.     Moreover,   the   tuber-bearing   species   of 
irises,  being  the  most  ancient  species  and  having  an  area  confined  to 
the    Mediterranean    Basin,    have    the    lowest    chromosome    numbers 
Hence,  if,  in  determining  the  location  of  the  centers  of  areas,  we  utiHze 
cytological  data  for  those  genera  the  species  composing  which  have 
different    chromosome    numbers,    we    acquire    an    additional    method 
facihtatmg,  in  combination  with  other  methods,  the  solution  of  this 
diflicult  problem. 

If,  after  a  species  has  died  out  over  a  considerable  portion  of  its 
area,  favorable  conditions  should  reoccur,  the  species  may  renew  its 
dispersal  from  those  retreats  where  it  preserved  its  habitats.  For 
example,  many  species  hved  through  the  Ice  Age  in  restricted  localities 
which  served  as  retreats  for  them  and  whence,  in  inter-  and  post-glacial 
periods,  they  renewed  their  dispersal.  In  such  cases  these  retreats  are 
known  as  centers  of  dispersal  (centres  de  dispersion— Jeannel  and 
JoLEAUD,  1924)  or  centers  {regions)  of  preservation  (Erhaltungsgebiete— 
Ikmscher,  1929). 

In  determining  the  location  of  the  center  of  an  area  great  caution 
must  be  observed,  since  if  any  factors  whatsoever  favoring  or  hindering 
the  distribution  of  species  are  not  taken  into  account,  entirely  incorrect 
conclusions  may  be  drawn.     For  instance,  Palmgren  (1927),  on  the 
basis  of  the  character  of  the  distribution  of  species  on  the  Aland  Islands 
draws  conclusions  as  to  the  extent  of  their  penetration  into  the  terri- 
tory of  these  islands  and  the  general  direction  of  their  migration.    He 
considers  that,  in  case  a  species  is  distributed  uniformly  within  the 
limits  of  a  given  territory,  we  cannot  obtain  any  facts  as  regards  its 
former  migrations  from  its  present  distribution.     By  uniform  distri- 
bution he  means  the  approximately  equal  frequency  of  occurrence  of  a 
species  in  all  parts  of  the  given  territory  and,  consequently,  the  ab- 
sence of  any  perceptible  concentration  of  stations  in  any  one  part.    If 
on  the  other  hand,   the   frequency  of  occurrence  of  a  species  grows 
clearly  less  or  greater  in  some  definite  direction,  this  indicates,  in  his 
opinion,  the  direction  of  migration  of  the  species.    Thus,  by  his  'investi- 
gation of  the   Aland   Islands  Palmgren  found  that,   in   addition   to 
uniformly    distributed    species,    there    are    three    other    categories    of 
species,  which,  in  contradistinction  to  the  former,  shed  some  light  on 
their  origin  on  the  islands.    The  first  category  embraces  species  with  a 
clear  decrease  in  the  frequency  of  their  occurrence  toward  the  east 
which  gives  grounds  for  considering  that  they  migrated  from  the  west' 
This  group  of  species  is  the  largest  in  point  of  numbers  in  the  flora  of 
the  Aland  Islands.     To  the  second  category  belong  a  few  species,  the 
frequency  of  occurrence  of  which  decreases  toward  the  west,  and  which 
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consequently,  migrated  presumably  from  the  east.  Lastly,  the  third 
category  embraces  species  distributed  within  the  limits  of  the  islands  in 
two  isolated  areas— western  and  eastern.  From  these  data  Palmgren 
draws  the  conclusion  that  the  first  category  of  species,  constituting  the 
great  bulk  of  the  flora  of  the  islands,  migrated  to  the  islands  from  the 
Scandinavian  peninsula,  from  Sweden;  the  second  category  from 
Finland  or  the  eastern  section  of  the  Baltic  seacoast;  and,  lastly,  the 
third  category  from  both  directions. 

But,  in  opposition  to  the  foregoing,  Eklund  (1931)  shows  that  in 
southwestern  Finland  there  is  found  a  very  great  diversity  of  habitat 
conditions,  particularly  of  edaphic  conditions.     This  diversity  is  very 
clearly  reflected  in  the  distribution  of  plants.     In  the  western  part  of 
this  region  there  are  the  best  soil  conditions,  shown,  first  of  all,  in  the 
fairly  high  content  of  Hme  in  the  soil.    Here  the  flora  is  richest.    From 
this  locality  in  all  directions  the  soil  grows  poorer,  accompanied  by  an 
impoverishment  of  the  flora.     Hence,  the  decrease  in  the  frequency  of 
occurrence  of  species  from  west  to  east  is  to  be  explained  not  by  the 
greater  distance  from  the  place  from  which  they  migrated,  as  Palm- 
gren assumed,  but  by  ecological  causes,  expressed  in  this  case  by  the 
indicated  differences  in  soil  conditions.     Eklund  remarks  that  in  the 
Aland  Islands  there  may  be  observed  a  decrease  in  the  frequency  of 
occurrence  of  species  and  an  impoverishment  of  the  flora  from  west  to 
east,  while  in  Uppland  there  is  just  the  reverse— an  impoverishment 
from  east  to  west.     In  both  cases  this  impoverishnient  is  to  be  ex- 
plained by  one  and  the  same  cause,  by  a  decrease  in  the  content  of 
hme  in  the  soil.     Consequently,  Palmgren's  conclusions  with  respect 
to  the  direction  of  migration  and  the  chief  country  from  which  the 
Aland  Islands  derived  their  flora,  based  on  the  decrease  in  frequency 
of  occurrence  of  species  from  west  to  east,  are  in  the  given  case  in- 
correct,   since   he   did   not   take   ecological   conditions   into    account. 
Eklund  comes  to  the  conclusion  that  the  islands  were  populated  with 
species  from  an  entirely  different  direction  than  Palmgren  supposed. 
The  present  areas  of  many  species  do  not  constitute  the  maximum 
territory  that  they  may  possibly  be  capable  of  occupying.     The  fur- 
ther expansion  of  these  areas  has  been  curtailed  by  obstacles  that  have 
up  to  the  present  prevented  these  species  from  continuing  to  spread. 
By  the  artificial  introduction  of  plants  into  new  habitats  outside  their 
natural  area  it  is  frequently  found  that  a  species  may  grow  under  a 
considerably   wider   range    of   ecological   and   geographical   conditions. 
This  shows  that  each  species  has,  besides  its  actual  area,  a  "potential 
area"    (Good,    1931).     This  circumstance   is  of  exceptional  practical 
importance  in  the  introduction  and  regional  allocation  of  new  crops. 

Boundaries  of  an  area:  —  The  limits  of  distribution  of  a  species,  the 
boundaries  of  its  area,  formerly  very  ineptly  termed  "vegetation  lines", 
are  determined  by  the  reaction  of  the  species  to  any  of  numerous 
factors  or  combinations  of  these  factors.  Among  the  most  obvious 
causes  hindering  the  dispersal  of  a  species  are  purely  mechanical 
obstacles,  such  as  mountains,  seas,  deserts,  etc.  Only  in  rare  cases 
does  a  plant,  by  the  mere  dissemination  of  its  seeds  and  their  transport 
by  chance  agents,  succeed  in  overcoming  such  obstacles  and  extending 
its  area  beyond  them. 
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Among  other  factors  limiting  the  extent  of  an  area — and  for  the 
plant  usually  insurmountable — are  climatic  conditions.  The  latter, 
creating  the  climatic  boundaries  of  an  area,  may  limit  the  distribution 
of  a  species  both  horizontally  (to  the  north,  south,  east,  and  west)  and 
vertically  (altitudinally).  Climatic  boundaries  are  not  determined  by 
any  one  climatic  factor  but  by  all  of  them  taken  together,  in  conse- 
quence of  which  a  study  of  the  climatic  boundaries  of  an  area  and  the 
elucidation  of  the  rdle  of  individual  climatic  factors  meet  with  very 
great  difficulties.  The  latter  are  all  the  greater  because  the  reaction  of 
species  to  climatic  phenomena  is  closely  linked  with  their  biological 
characteristics,  as  a  result  of  which  their  climatic  boundaries  are  charac- 
terized by  extraordinary  diversity.  Nevertheless,  a  study  of  the  areas 
of  plants  provides  a  basis  for  determining  the  most  important  climatic 
factors  affecting  their  distribution. 

Altitudinal  climatic  boundaries  are  the  result  of  a  particularly  com- 
plex combination  of  causes,  often  very  difficult  to  fathom,  the  most 
important  of  all  being  insufficient  warmth  (inadequate  sum  of  tem- 
peratures above  the  minimum  temperature  required  for  the  given 
species).  In  addition  to  the  latter,  insufficient  humidity,  intensity  of 
the  sun's  rays  at  high  altitudes,  strong  heat  radiation,  eternal  snow  or 
late  melting  of  snow,  height  above  sea  level  depending  on  the  latitude 
of  the  locality,  and  other  factors  also  play  a  part  in  determining  the 
altitudinal  climatic  boundaries  of  an  area. 

Until  the  end  of  the  nineteenth  century  evaluations  of  climate  and 
also  of  the  cHmatic  boundaries  of  the  areas  of  plants  were  made  chiefly 
on  the  basis  of  temperature  data.  At  the  beginning  of  the  twentieth 
century  it  became  clear  that  atmospheric  humidity,  as  a  factor  deter- 
mining the  boundaries  of  the  distribution  of  plants,  was  of  predominant 
importance.  In  many  cases,  as,  for  example,  for  most  evergreen  plants, 
temperature  plays  only  an  indirect  role  in  the  limitation  of  the  distri- 
bution of  a  species,  the  chief  factor  being  humidity  conditions.  Hence, 
in  determining  the  boundaries  of  areas,  both  these  factors  should  be 
taken  into  account  (Gams,  1931). 

The  boundaries  of  an  area  may  be  determined  not  only  by  climatic 
causes  but  also  by  edaphic  causes  or  by  a  combination  of  edaphic, 
climatic,  and  geographical  causes.  Lastly,  competition  with  other 
plants  may  create  an  insurmountable  obstacle  to  the  further  distri- 
bution of  a  species. 

In  many  cases  the  boundaries  of  areas  cannot  be  explained  by  any 
cause  at  present  in  force,  due  to  the  fact  that  these  areas  were  formed 
under  the  influence  of  conditions  in  past  epochs,  often  in  other  geo- 
logical periods.  A  study  of  such  areas  and  the  establishment,  on  the 
basis  of  such  a  study,  of  the  history  of  distribution  of  a  given  species 
constitute  one  of  the  chief  tasks  of  historical  plant  geography. 

The  boundaries  of  areas  may,  then,  be  subdivided  into  three  main 
types:  first,  boundaries  set  by  physical  barriers  impassable  for  the 
given  species,  such  as  seas,  straits,  rivers,  mountains,  deserts,  etc.; 
second,  boundaries  determined  by  ecological  conditions;  and,  third, 
boundaries  determined  by  competition  among  species.  Moreover,  an 
area  may  be  in  a  state  of  expansion,  in  case  the  dispersal  of  the  species 
is  still  in  progress,  or,  on  the  other  hand,  it  may  be  in  a  state  of  con- 
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traction,  in  case  of  retrogressive  distribution.  In  the  latter  case  the 
contraction  of  an  area  may  for  a  time  be  in  abeyance  and  the  bound- 
aries of  the  area  remain  temporarily  without  change,  but  subsequently 
they  may  either  continue  to  contract  or,  in  case  of  the  onset  of  more 
favorable  conditions,  begin  again  to  expand. 

Areas  vary  greatly  in  size,  depending  on  a  combination  of  factors, 
among  which  the  history  of  the  given  species  plays  an  important  role. 
If  we  assume  that  an  area  has  a  center  of  origin,  from  which  there 
took  place  the  gradual  dispersal  of  a  species  or  other  taxonomic  unit  in 
different  directions,  it  seems  necessary  likewise  to  assume  that  the  size 
of  the  area  occupied,  in  case  of  unhindered  dispersal,  would  depend  in 
part  on  the  duration  of  such  dispersal,  which  may  be  designated  as  the 
"age"  of  the  species.  Thus,  Schxjlz  (1894)  considers  that  only  very 
few  species  of  the  flora  of  central  Europe  have  succeeded  in  attaining 
in  post-glacial  times,  and  these  only  in  a  few  places,  their  natural 
boundaries  as  set  by  their  edaphic  and  climatic  requirements  and  by 
their  ability  to  spread. 

In  botanico-geographical  literature  age  as  a  factor  in  plant  distri- 
bution has  long  been  recognized.  As  early  as  1853  Lyell  in  his 
"Principles  of  Geology",  in  chapters  on  the  distribution  of  plants  and 
animals,  wrote  that,  if  we  assume  that  a  species  arises  only  in  one 
place,  it  must  have  considerable  time  to  become  distributed  over  an 
extensive  area.  If  this  hypothesis  is  accepted,  it  follows  that  restricted 
distribution  may,  in  the  case  of  some  species,  be  due  to  their  recent 
origin  and,  in  the  case  of  others,  to  the  fact  that  the  area  they  once 
occupied  has  been  greatly  contracted  as  a  result  of  climatic  changes. 
The  former  are  young,  local  species  that  have  not  existed  long  enough 
to  have  had  the  possibility  for  widespread  dispersal,  while  the  latter 
are  no  doubt  of  considerable  age. 

Hooker,  in  his  "Flora  Novae  Zelandiae"  (1853),  writes  that  "con- 
sistently with  the  theory  of  the  antiquity  of  the  alpine  flora  of  New 
Zealand,  we  should  find  amongst  the  plants  common  to  New  Zealand 
and  the  Antarctic  Islands  some  of  the  most  cosmopolitan,  and  we  do 
so".  But,  at  the  same  time.  Hooker,  fully  conceding  that  all  the 
diversity  in  the  geographical  distribution  of  plants  cannot  be  explained 
by  age  alone,  goes  on  to  say  that  "...  though  we  may  safely  pro- 
nounce most  species  of  ubiquitous  plants  to  have  outHved  many 
geological  changes,  we  may  not  reverse  the  position,  and  assume  local 
species  to  be  among  the  most  recently  created,  for  species,  like  indi- 
viduals, die  out  in  the  course  of  time;  whether  following  some  inscrut- 
able law  whose  operations  we  have  not  yet  traced,  or  whether  .  .  . 
they  are  destroyed  by  natural  causes  (geological  or  other)  they  must 
in  either  case  become  scarce  and  local  while  they  are  in  process  of 
disappearance"  (p.  xxv). 

An  equally  clear  exposition  of  the  significance  of  age  as  a  botanico- 
geographical  factor  may  be  found  in  Bentham's  "Notes  on  the  Classi- 
fication, History,  and  Geographical  Distribution  of  the  Compositae" 

(1873)- 

ScHROTER  (1913)  points  out  that  the  degree  of  disruption  may  also 
be  utilized  in  determining  the  age  of  an  area,  an  extensive  and  much 
disrupted  area  indicating  its  considerable  age.    Pohle  (1925)  proposes 
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that  ancient  species  be  called  "senior  species"  and  young  species — 
"junior  species". 

These  citations  fully  suffice  to  show  that  the  significance  of  age  was 
never  lost  sight  of  by  botanical  geographers,  although,  no  doubt,  as 
compared  with  other  biological  factors,  it  was  given  too  little  attention 
and  its  importance  underrated. 

Age — or  the  length  of  time  during  which  the  dispersal  of  species 
and,  hence,  also  the  formation  of  floras  have  taicen  place — is  for 
historical  plant  geography  a  factor  of  just  such  prime  importance  as 
the  duration  of  geological  periods  established  by  Lyell  was  for  the 
theory  of  evolution.  Just  as  a  necessary  premise  for  the  evolution  of 
organisms  is  the  duration  of  time  taken  by  the  latter  for  their  develop- 
ment, so  all  the  regularities  in  historical  biogeography  may  be  under- 
stood only  by  taking  into  account  the  length  of  time  during  which 
they  have  existed. 

Consequently,  we  cannot  fail  to  give  serious  consideration  to 
Willis's  treatise  on  "Age  and  Area"  (1922),  devoted  to  a  study  of  it 
as  a  botanico-geographical  factor  and  constituting  a  summary  of  his 
many  investigations  on  this  problem  begun  in  1907.  The  works  of 
Willis  are  not  mere  armchair  theorizing  but  are  based  on  twenty 
years  of  field  work  devoted  to  the  geographical  study  of  plants  in  na- 
ture, in  tropical  South  America  and  particularly  in  tropical  Asia,  where 
for  a  long  time  he  was  director  of  the  Botanical  Garden  at  Ceylon. 
He  verified  his  conclusions  by  comparison  with  the  data  published  by 
him  in  his  "Flora  of  Ceylon"  and  other  floristic  works.  At  the  same 
time,  however,  the  very  fact  that  he  used  the  floras  of  these  tropical 
regions  as  the  basis  for  his  conclusions  constitutes  the  cause  of  the 
onesidedness  of  his  conclusions,  on  account  of  which  numerous  criti- 
cisms were  directed  against  him.  The  floras  of  the  tropical  regions  of 
America  and  Asia  are  the  only  floras  on  the  globe  that  since  the 
Cretaceous  period  have  not  been  subjected  to  great  climatic  changes. 
Consequently,  laws  established  with  respect  to  the  formation  of  areas 
of  species  of  these  floras  are  applicable  only  to  such  floras  as  are 
characterized  by  unhampered  development.  They  are  not  of  uni- 
versal significance  and  cannot  be  applied  to  all  the  floras  of  the  earth. 
The  criticisms  of  Willis's  book  were  directed  chiefly  on  this  flaw  in 
the  propositions  advanced  by  him. 

Studying  the  flora  of  Ceylon,  Willis  was  struck  by  the  great 
differences  in  the  size  of  areas  occupied  by  different  species  of  the  same 
genus,  some  of  which  were  endemic  to  the  island  and  others  not. 
This  led  him  to  the  conclusion  that  "the  endemic  species  occupied,  on 
the  average,  the  smallest  areas  in  the  island,  those  found  also  in  Penin- 
sular India  (but  not  beyond)  areas  rather  larger,  and  those  that  ranged 
beyond  the  peninsula  the  largest  areas  of  all  (again  on  the  average) " 
(Willis,  1922,  p.  65).  At  the  same  time,  the  number  of  species  in  each 
class  was  found  to  vary,  increasing  or  diminishing  depending  on  the 
size  of  the  area.  This  may  be  clearly  illustrated  by  his  data  on  the 
flora  of  New  Zealand.  Taking  the  extent  of  the  areas  of  species  in 
this  flora  along  the  north  and  south  diameter  of  the  island,  the  follow- 
ing gradations  are  obtained  (ibid.,  p.  64):  — 
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Range  in  N.  Z. 
(miles) 
881-1080 
641-  880 
401-  640 
i6i-  400 
I-  1 60 


Endemics 

112 

120 
184 
190 
296 


WiDES 
201 

77 
53 
38 
3°* 


Fig.  4.  —  Areas  of  species  of  different  ages,  the  most  ancient  species  occupy  the 
largest  areas:  species  of  the  genus  Haaslia  {Compositae)  in  New  Zealand.  (After 
Willis). 

The  widely  held  view  that  endemic  species  are  either  relics  ap- 
proaching extinction  or  species  that  have  arisen  as  a  result  of  adapta- 
tion to  local  conditions  cannot  explain  the  fact  of  gradual  gradation  in 
the  areas  occupied  both  by  endemics  and  by  wides,  the  first  from  many 

*  Largely  undoubted  introductions  of  recent  years. 
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small  areas  to  few  large  and  the  second  in  the  reverse  order.  To 
explain  this  regularity  it  is  necessary  to  concede  the  significance  of  age 
as  a  factor  in  distribution.  The  older  species  with  extensive  areas  of 
distribution  reached  New  Zealand  prior  to  its  separation  from  AustraHa 
and  had  enough  time  to  become  widely  distributed  there.  Hence,  it  is 
clear  why  in  the  zone  of  areas  of  least  extent  we  find  the  smallest 
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Fig.  s.  —  Areas  of  species  of  different  ages: 
gaceae)  in  New  Zealand.    (After  Willis). 


the  genus  Gunnera  [Halorrha- 


number  of  widely  distributed  species.  On  the  other  hand,  endemic 
species — regarded  by  Willis  as  young  species  that  had  their  origin 
at  a  later  time,  after  New  Zealand  had  become  an  island — become  more 
and  more  rare,  the  greater  the  distance  from  the  place  of  their  origin. 
Consequently,  it  was  to  be  expected,  and  investigations  confirmed  this, 
that  the  islands  surrounding  New  Zealand  would  have  a  flora  consist- 
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ing  of  the  oldest  species,  those  most  widely  distributed  in  New  Zea- 
land. To  quote  Willis  (1922,  p.  75):  "In  fact  it  was  found  that  on 
the  average  its  species  ranged  nearly  300  miles  more  in  New  Zealand 
than  did  those  that  did  not  reach  the  islands". 

As  regards  the  way  in  which  a  country  is  peopled  by  invasions  of 
plants,  Willis  gives  the  following  rule  based  on  his  general  h3^othesis 
{ibid.,  p.  83):  "If  a  species  enter  the  country  and  give  rise  casually  to 
new  (endemic)  species,  then,  if  the  country  be  divided  into  equal  zones, 
it  will  generally  occur  that  the  endemic  species  occupy  the  zones  in 
numbers  increasing  from  the  outer  margins  to  some  point  near  the 
centre  at  which  the  parent  entered".  Applying  this  to  New  Zealand, 
he  found  that  all  the  genera  in  its  flora  adhered  to  this  rule. 

Supplementary  to  his  central  "Age  and  Area"  hypothesis,  Willis 
proposes  a  second  principle  called  by  him  "Size  and  Space",  which  he 
formulates  as  follows  {ibid.,  p.  118):  "If  species  spread  in  a  country 
mainly  in  accordance  with  their  age,  then  it  is  clear  that  on  the  aver- 
age some  of  those  in  the  genera  represented  by  most  species  will  have 
arrived  before  the  first  of  those  in  the  genera  represented  by  few;  ...  on 
the  whole,  keeping  to  the  same  circle  of  affinity,  a  group  of  large  genera 
will  occupy  more  space  than  a  group  of  small.  The  space  occupied  will 
vary  more  or  less  with  the  number  of  species". 

From  the  foregoing  follows  also  the  final  implication  of  Willis's 
theory,  viz.,  that  monotypic  genera,  that  is,  genera  with  one  species 
only,  like  endemic  genera  and  species,  are  "young  beginners"  that 
have  just  commenced  their  geographical  distribution.  Here,  however, 
one  must  make  the  reservation  (which  Willis  himself  fails  to  make) 
that  this  conclusion  is  not  applicable  to  genera  that  have  acquired 
their  monotypic  character  as  a  result  of  the  dying  out  of  most  of  their 
species  nor  to  ancient  endemic  genera  and  species. 

All  of  Willis's  views  may  be  summarized  in  this  basic  hypothesis — 
the  area  of  a  species  is  proportional  to  its  age.  If  this  proposition 
could  be  universally  applied,  it  would  simplify  the  solution  of  many 
problems  of  botanical  geography.  But,  as  his  critics  pointed  out,  this 
proposition  is  applicable  only  to  certain  genera  and  species,  and  so  it 
cannot  serve  as  a  general  rule  for  determining  the  age  of  an  area.  For 
instance,  paleobotanic  data  show  that  some  genera  now  occupying 
small  areas  were  widely  distributed  in  the  past  and  are  often  older 
than  genera  now  having  extensive  areas.  The  same  applies  to  those 
endemic  species  that  are  the  descendants  of  species  at  one  time  widely 
distributed  but  whose  areas  were  much  contracted  (Berry,  1917). 
In  his  later  papers  and  in  his  book  Willis,  in  answer  to  the  deluge  of 
criticisms,  reformulated  his  Age  and  Area  hypothesis,  qualifying  it  by 
so  many  reservations  that  it  became  very  complicated  and  practically 
unworkable.  In  its  latest  version  it  read:  "The  area  occupied  at  any 
given  time,  in  any  given  country,  by  any  group  of  allied  species  at 
least  ten  in  number,  depends  chiefly,  so  long  as  conditions  remain 
reasonably  constant,  upon  the  ages  of  the  species  of  that  group  in  that 
country,  but  may  be  enormously  modified  by  the  presence  of  barriers 
such  as  seas,  rivers,  mountains,  changes  of  climate  from  one  region  to 
the  next,  or  other  ecological  boundaries,  and  the  like,  also  by  the 
action  of  man,  and  by  other  causes"  (Willis,  1922,  p.  63). 
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The  areas  of  species  of  a  number  of  floras  (of  England — Guppy. 
1925;  Matthews,  1922;  of  North  America — Fernald,  1924;  of 
South  Africa — Schonland,  1924;  and  others)  have  been  studied  with 
the  aim  of  testing  Willis's  theories,  and  the  investigators  came  to  the 
conclusion  that  these  theories  were  not  applicable  to  the  cases  studied 
by  them.  The  size  of  the  areas  studied  depended  not  so  much  on  their 
age  as  on  the  adaptability  of  the  given  species  and  on  whether  or  not 
ecological  conditions  favored  dispersal.  Species  that  had  migrated  at  a 
later  period  often  had  larger  areas  than  older  species,  parts  of  the  areas 
of  which  had  been  destroyed  during  the  Ice  Age.  The  region  of  greatest 
concentration  of  endemics  did  not  coincide  with  the  place  of  origin  of  the 
genera  within  the  limits  of  the  given  flora.  Moreover,  it  was  shown 
that  Willis  entirely  ignored  those  changes  in  the  composition  of  floras 
induced  by  man's  activities  (Ridley,  1923).  Likewise  studies  of  vari- 
ous families  and  genera  (e.g.,  Magnoliaceae — Good,  1925;  Passerina — 
Thoday,  1925)  also  revealed  a  number  of  data  disagreeing  with  Willis's 
theory.  On  the  other  hand,  several  investigators  have  presented  data 
that  agree  with  the  regularities  established  by  him. 

All  this  indicates  that  the  size  of  an  area  does  not  depend  solely 
on  the  age  of  a  species.  The  latter  constitutes  only  one  of  a  combi- 
nation of  factors  on  which  area-formation  depends.  Nevertheless,  the 
study  of  age  as  a  factor  in  plant  distribution,  the  significance  of  which 
was  first  emphasized  by  Willis,  should  be  continued. 
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Chapter  IV 

THE  ORIGIN  OF  AREAS 

Having  acquainted  ourselves  with  that  center  of  an  area,  primary 
or  secondary,  from  which  a  genus  or  a  species  started  its  dispersal 
resulting  in  the  formation  of  its  area,  we  may  now  pass  to  an  exami- 
nation of  the  still  broader  problem  of  the  origin  of  the  area  itself.  The 
diversity  of  areas  of  plants  now  inhabiting  the  globe  and  the  entirely 
different  character  of  the  areas  of  many  of  these  plants  in  former 
geological  periods,  as  testified  to  by  the  location  of  their  fossil  remains, 
indicate  that  the  origin  of  areas  of  genera  and  species  differing  in  age, 
in  ecological  and  biological  type,  and  in  adaptabihty  to  conditions  of 
habitat  and  dispersal  cannot  all  be  explained  in  the  same  fashion. 
Such  a  mechanistic  approach  to  this  difficult  problem  would  not  in  the 
least  conform  to  the  great  diversity  existing  in  the  vegetable  kingdom. 

However,  in  order  to  present  the  problem  of  the  origin  of  an  area 
in  all  its  entirety  would  mean  to  present  the  problem  of  species-forma- 
tion in  nature  in  all  its  complexity  and  diversity.  If  this  were  here 
attempted,  this  chapter  devoted  to  the  origin  of  areas  would  exceed  in 
length  the  limit  set  for  the  entire  textbook.  Hence,  it  is  quite  evident 
that  a  full  exposition  of  the  problem  of  species-formation  cannot  find 
place  in  the  present  volume.  We  can  merely  give  a  very  brief  survey 
of  the  present  status  of  this  problem.  And,  first  of  all,  we  wish  to 
emphasize  the  fact,  proven  beyond  any  doubt  by  modern  science,  that 
species  arise  in  nature  in  various  ways.  Recent  advances  in  biology 
show  that  the  diversity  of  species  cannot  be  ascribed  solely  to  a  gradual 
intensification  of  characters. 

Mutations — particularly  the  appearance  of  new  forms  as  a  result  of 
autopolyploid  doubling  of  the  chromosome  number  induced  by  the 
action  of  external  factors— and,  to  a  less  extent,  hybridization,  accorn- 
panied  by  allopolyploid  changes  in  chromosome  number,  played  in 
former  geological  periods  and  still  play  at  the  present  time  a  prominent 
role  in  species-formation.  This  does  not  mean  that  in  these  processes 
of  species-formation  natural  selection  takes  no  part.  On  the  contrary, 
it  retains  all  its  significance,  determining  the  survival  of  the  fittest  and 
their  further  evolution. 

According  to  Darwin,  a  species  arises  in  one  definite  place  on  the 
globe.  From  this  place— thanks  to  a  natural  tendency  to  expand  its 
territory,  manifested,  for  instance,  in  the  abundance  of  seeds  or  spores 
formed  and  in  numerous  adaptations  of  fruits  and  seeds  enabling  the 
future  progeny  to  gain  a  foothold  as  far  as  possible  from  the  mother 
plant — it  begins  its  dispersal.  It  continues  to  expand  its  area  in  all 
possible  directions  until  it  encounters  geomorphological  or  ecological 
barriers  that  it  cannot  cross  because  of  purely  mechanical  or  biological 
reasons.  Hence,  it  follows:  first,  that  the  older  a  species,  the  larger 
the  area  it  occupies,  provided,  of  course,  that  the  above-indicated 
barriers  do  not  at  the  very  outset  restrict  its  dispersal  or  that  subse- 
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quently  there  does  not  take  place  a  contraction  of  the  area  previously 
occupied;  and,  second,  that  a  discontinuous  area  is  to  be  explained  bv 
the  breaking  up  of  a  once-continuous  area  into  separate  sections  either 
as  a  result  of  the  dying  out  of  the  species  in  the  intervening  places,  due 
to  changes  in  climatic  conditions,  or  as  a  result  of  changes  in  the 
location  of  seas  and  continents  causing  the  rupture  of  such  a  continu- 
ous area. 

Another  important  question  needs  to  be  clarified:  Should  we  con- 
sider that  a  species  arises  from  a  single  bisexual  individual,  two  dicli- 
nous individuals,  or  a  few  individuals  and  that,  consequently,  the  center 
of  origin  will  occupy  a  territory  limited  by  the  number  of  progeny  of 
this  one  individual  or  few  individuals  that  take  root,  or  should  we 
consider  that  in  the  process  of  species-formation  many  individuals  may 
participate  over  a  considerable  extent  of  territory,  which  in  such  case 
constitutes  as  a  whole  the  center  of  origin  of  the  area?  In  our  opinion, 
both  modes  of  origin  of  an  area  are  possible,  depending  on  the  way  in 
which  a  species  arises. 

If  a  species  arises,  for  example,  as  a  result  of  hybridization,  the 
initial  number  of  individuals  of  this  species  is  determined  by  the 
number  of  seeds  in  the  fruits  of  the  given  plant  which  succeed  in 
finding  favorable  conditions  for  germination  and  growth  and  in  main- 
taining themselves  in  competition  with  vegetation  already  established. 
Since  plants  spread  by  means  of  their  dispersal  mechanisms  only  very 
gradually,  it  is  clear  that  the  initial  center  of  such  a  hybrid  species 
will  occupy  a  very  small  territory.  If,  on  the  other  hand,  a  species 
arises,  let  us  say,  as  a  result  of  an  autopolyploid  change  in  the  bio- 
logical and  morphological  characteristics  of  an  initial  species  caused 
by  an  increase  in  chromosome  number  induced  by  climatic  or  other 
conditions,  the  changes  in  such  a  case  may  affect  a  large  number  of 
individuals  over  an  extensive  territory,  which  will  thus  constitute  the 
center  of  the  area.  The  latter  in  such  a  case  might  rather  be  called 
the  region  of  origin,  but  the  sense  remains  precisely  the  same,  since 
this  is  the  initial  starting  point  of  the  dispersal  of  a  new  species  and  the 
formation  of  its  area. 

Let  us  take,  for  example,  a  species  extending  its  area  of  distribution 
toward  the  north.  There  comes  a  time  when  the  vanguard  plants  at- 
tain the  climatic  barrier  beyond  which  they  cannot  pass.  If  under  the 
influence  of  the  new  climatic  conditions  there  should  arise  by  mutation 
an  autopolyploid  species  (and  that  new  species  do  so  arise  has  now  been 
proved  for  an  ever  larger  and  larger  number),  such  a  process  of  species- 
formation  might  embrace  not  a  single  individual  plant  but  all  the 
plants  that  had  attained  the  indicated  barrier  over  quite  an  extensive 
territory.  Likewise,  at  a  time  of  great  climatic  changes  on  the  earth's 
surface,  as,  for  instance,  during  the  glacial  and  interglacial  periods, 
when  seas  advanced  or  receded  and  great  mountain  masses  were  up- 
lifted, the  effect  of  such  climatic  revolutions  also  must  have  extended 
over  vast  areas,  inducing  processes  of  species-formation  in  a  large 
number  of  individuals  of  one  and  the  same  species. 

If  one  studies  the  areas  of  genera  both  as  at  present  constituted  and 
particularly  if  one  adds  to  the  present  territory  the  regions  embraced 
by  these  areas  in  former  geological  periods,  he  cannot  but  marvel  at 
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their  enormous  size.  Such  areas  often  occupied  several  continents, 
separated  now  by  the  waters  of  great  oceans.  Likewise  a  number  of 
species  (sometimes  known  to  us  only  in  a  fossil  state)  of  ancient  genera, 
particularly  of  pteridophytes  and  gymnosperms  but  also  of  many 
angiosperms,  had  at  one  time  exceptionally  large  areas.  The  remnants 
of  these  formerly  extensive  areas  retained  in  the  present-day  flora 
constitute  a  proof  that,  as  regards  these  genera  and  species,  there  took 
place  a  contraction  of  their  areas.  But  this  by  no  means  signifies  that 
such  a  contraction  of  area  is  an  invariable  rule.  On  the  contrary,  new 
species  or  species  with  a  wide  range  of  adaptability,  finding  conditions 
favorable  for  them,  sometimes  extend  their  area  with  startling  rapidity, 
within  a  few  decades  becoming  practically  cosmopolitan. 

To  illustrate  the  process  of  formation  and  evolution  of  the  areas  of 
species,  let  us  take  the  Angiosperms.  There  arose  in  definite  centers 
in  the  Cretaceous  period — and  in  the  case  of  many  genera  probably 
even  earlier,  in  the  Jurassic  period — genera  of  this  group  of  plants, 
represented  at  that  time  by  as  yet  only  slightly  differentiated  species 
(or  generic  types,  as  Engler  calls  them),  which  attained  exceptionally 
extensive  areas  of  distribution.  Nevertheless,  we  cannot  assume  that 
the  flora  of  the  entire  globe  was  at  that  time  homogeneous,  as  some 
authors  have  assumed.  Climatic  zones  have  always  existed  on  the 
globe  and  have  always  served  as  barriers  to  the  unlimited  distribution 
of  species.  If,  despite  these  barriers,  species  attained  such  enormous 
areas,  this  was  due  to  the  different  arrangement  of  the  climatic  zones, 
for  precisely  in  the  Jurassic  and  Cretaceous  periods  and  beginning  of 
the  Tertiary  period  the  tropical  and  subtropical  zones  spread  widely 
over  the  continents,  embracing  all  of  Europe  up  to  its  present  arctic 
limits  and  considerable  portions  of  Asia  and  America.  Hence,  it  is 
comprehensible — assuming,  in  addition,  a  connection  at  that  time  be- 
tween the  continents  of  America  and  Eurasia — how  the  indicated 
genera  could  attain  precisely  on  these  parts  of  the  continents  such  an 
extensive  distribution.  This  circumstance,  and  also  the  seeming  ra- 
pidity with  which  these  plants  spread,  apparently  facilitated  the  mass 
extinction  of  the  Gymnosperms  and  Pteridophytes  as  a  result  of  chang- 
ing climatic  conditions,  which  enabled  the  new  representatives  of  the 
plant  kingdom  to  extend  their  area  of  distribution  without  competition 
from  the  former  -inhabitants  of  the  earth's  surface. 

The  homogeneity  of  the  climate  over  extensive  portions  of  the  con- 
tinents explains  likewise  the  slight  extent  to  which  these  ancient 
species  were  differentiated.  With  the  shifting  to  the  south  in  the 
Northern  Hemisphere  of  the  climatic  zones,  with  the  sharp  demarcation 
of  tropical,  temperate,  and  arctic  chmates,  with  the  ever-decreasing 
humidity  and  progressive  development  of  arid  and  semi-arid  condi- 
tions, there  developed  in  the  second  half  of  the  Tertiary  period  in  those 
regions  where  there  had  formerly  existed  homogeneous  ecological  con- 
ditions a  sharp  climatic  zonation.  Simultaneously  there  occurred  a 
breaking  up  of  these  generic  types,  as  a  result  of  divergence,  first  into 
large  groups  of  species,  now  known  as  collective  species  or  coenospecies, 
still  occupying  quite  extensive  areas,  and  then  into  a  series  of  small, 
vicarious  species.  This  process  of  differentiation  is  still  in  progress, 
as  is  shown  by  the  fact  that  the  more  our  methods  of  research  become 
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refined,  the  more  do  we  reveal  small,  ecologically  more  specialized  spe- 
cies, formerly  included  in  broader  categories. 

This  process  of  the  breaking  up  of  collective  species  does  not,  how- 
ever, show  that  a  contraction  of  initial  areas  is  the  natural  direction  of 
development  of  present-day  areas.  Such  an  unceasing  retrogression 
would  not  be  in  accord  with  the  evolutionary  development  of  organ- 
isms and  actually  does  not  take  place,  since  the  newly  arisen  vicarious 
species,  from  the  centers  of  their  origin,  initiate  anew  a  progressive 
extension  of  range.  Coming  upon  favorable  conditions,  such  species 
create  secondary  centers  of  development  of  the  genus.  As  a  result  of 
the  destruction  of  vegetation  over  considerable  territories,  as  during  the 
Ice  Age,  there  penetrated,  subsequently,  into  these  territories  numerous 
species,  the  areas  of  which  reached  enormous  size.  In  many  cases  these 
species  have  not  yet  attained  their  limit  of  possible  distribution. 

Periods  of  great  climatic  changes  have  occurred  on  our  globe  many 
times  (the  above-mentioned  uniformity  of  climatic  conditions  in  the 
northern  hemisphere  in  former  geological  epochs  did  not  always  pre- 
vail), and  during  such  earlier  periods  of  chmatic  changes  the  differenti- 
ation of  genera  and  species  must  have  been  just  as  markedly  expressed 
as  at  present.  Subsequently,  with  the  coming  of  more  uniform  cli- 
matic conditions,  small  species  made  place  for  large  species,  which 
embraced  ever  larger  and  larger  territories  during  the  course  of  their 
dispersal.  These  ancient  extensive  areas,  with  the  disappearance  of 
uniform  climatic  conditions,  again  entered  into  a  period  of  contraction, 
partly  as  a  result  of  the  dying  out  of  species  over  a  portion  of  their 
areas  and  partly  as  a  result  of  the  breaking  up  of  these  areas  into  a 
number  of  smaller  areas  of  new,  vicarious  species.  These  vicarious 
species,  in  their  turn,  begin  to  extend  their  range.  As  the  territory 
they  occupy  increases,  they  become  differentiated  into  subspecies, 
which  may  subsequently  be  converted  into  independent  species.  Thus, 
there  is  steadily  going  on  a  process  of  contraction  and  breaking  up  of 
old  areas  and  the  appearance  in  their  place  of  new  areas,  which  un- 
dergo the  same  processes  of  development  and  disintegration,  making 
way,  in  their  turn,  to  yet  new  species.  The  evolution  of  areas  proceeds 
unceasingly,  in  conformity  with  the  uninterrupted  process  of  differenti- 
ation, specialization,  and  evolution  of  species. 

Only  the  areas  of  relic  species  steadily  decrease  in  size,  as  these 
for  the  most  part  decadent  species  gradually  become  extinct. 

The  theory  of  the  origin  of  areas  advanced  by  Pachosky  (1910, 
1925)  may,  in  its  basic  features,  be  accepted,  though,  in  our  opinion,  a 
different  explanation  should  be  given  to  the  data  presented  by  him. 
Pachosky,  who  is  an  opponent  of  the  migrational  origin  of  an  area, 
considers  that  the  ability  to  change  in  a  certain  direction  is  inherent 
to  an  entire  genetic  group,  that  it  is  equally  inherent  to  all  its  repre- 
sentatives throughout  its  entire  area,  and  that  it  manifests  itself  not 
in  a  single  locality  of  the  latter  but  throughout  its  entire  territory. 
Hence,  a  race,  long  before  it  becomes  an  established  independent  unit, 
already  occupies  a  definite  area,  this  area  being  the  result  of  in  silu 
changes  and  not  of  migration.  Such  a  process  of  area-formation 
Pachosky  calls  "pantopic". 

To  the  foregoing  we  must  take  exception  to  the  extent  that  we 
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consider  that  such  an  appearance  of  a  new  geographical  race  or  a  new 
species  is  not  something  foreordained  in  the  very  nature  of  the  develop- 
ment of  a  species,  as  might  seem  from  Pachosky.  It  may  take  place, 
as  we  have  pointed  out  above,  either  as  a  result  of  great  climatic 
changes  (and  only  then  does  a  new  race  or  species  actually  arise 
in  situ)  or,  and  this  is  more  common  under  present-day  conditions,  as  a 
result  of  the  initial  species  during  its  dispersal  coming  upon  habitat 
conditions,  climatic  or  edaphic,  to  which  it  is  unaccustomed  and  which 
induce  its  modification.  Hence,  the  migration  theory  of  the  origin  of 
an  area  preserves  all  its  significance,  although  it  should  be  noted  that 
the  term  migration  is  often  misused,  an  exaggerated  and  often  in- 
demonstrable significance  being  ascribed  to  it. 

We  consider,  moreover,  on  the  grounds  above  outlined,  that  an  area 
may  originate  not  only  simultaneously  over  a  large  territory,  as 
Pachosky  assumes,  but  also  within  the  limits  of  definite  centers.  We 
wish  also  to  make  clear  that,  even  in  speaking  about  that  territory 
within  whose  limits  the  process  of  species-formation  embraces  all  indi- 
viduals of  the  initial  species,  we  have  in  mind  not  the  entire  area  but 
only  that  part  of  it  which  came  under  the  influence  of  unusual  (for  the 
initial  species)  ecological  conditions,  unless,  of  course,  the  entire  area 
came  under  such  influence. 

Likewise  we  may  explain  the  tendency  of  whole  taxonomic  groups 
to  break  up  into  various  races  or  species  differing  in  color  (Taliev, 
1 91 5)  as  a  result  of  the  geographical  isolation  of  different  forms  of  a 
polychromic  species.  Isolation  plays  a  very  important  role  in  the 
origin  of  new  forms  or  new  species.  This  is  particularly  evident  in  the 
case  of  the  uplifting  of  new  mountain  chains,  the  separation  of  islands 
from  the  mainland,  etc.  Komarov  (1930)  has  thus  formulated  it: 
"The  breaking  up  of  the  earth's  surface  into  isolated  patches  of  dry 
land  increases  the  number  of  species."  The  same  idea  has  been  ex- 
pressed in  a  recent  paper  by  Skottsberg  (1938),  who  points  out  that, 
when  a  mainland  breaks  up  into  an  archipelago  or  group  of  islands, 
the  population  of  any  given  species  on  such  islands  breaks  up  into  a 
number  of  vicarious  species  (see  Chapter  V).  Certain  local  micro- 
conditions — soil,  relief,  etc. — may  also  isolate  plants  from  one  another 
and  serve  to  induce  the  appearance  of  new  forms. 

But  if  we  may  accept,  with  the  reservations  outlined  above, 
Pachosky's  area  theory,  this  is  entirely  impossible  as  regards  the  so- 
called  theory  of  hologenesis  (Rosa,  1931).  According  to  this  theory, 
the  evolution  of  a  species  and  the  direction  of  such  evolution  does  not 
depend  on  the  influence  of  environmental  conditions  but  only  on  in- 
ternal causes.  At  a  certain  moment,  suddenly  and  throughout  the 
entire  territory  occupied  by  a  species,  even  if  it  be  distributed  over 
the  entire  globe,  the  maternal  species  breaks  up  simultaneously  in  all 
localities  (regardless  of  different  habitat  conditions)  into  the  same  two 
daughter  species;  each  of  the  latter,  in  its  turn,  throughout  the 
entire  territory  occupied  by  them,  breaks  up  into  two  species,  etc. 
Thus,  the  evolution  of  organisms  proceeds  by  dichotomous  division. 

Assuming  uniform  habitat  conditions  in  ancient  geological  times, 
Rosa  considers  that  the  very  first,  most  primitive  species  had  an  area 
embracing  almost  the  entire  globe.     For  a  very  prolonged  period  the 
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species  arising  from  this  primitive  species  by  the  indicated  process  of 
dichotomy  also  had  cosmopolitan  areas.  Subsequently,  there  began  a 
differentiation  of  species,  the  extinction  of  the  unfit,  and  the  localiza- 
tion of  the  surviving  species.  There  was  thus  created  the  present-day 
geographical  distribution  of  organisms  and  their  division  into  the  plant 
and  animal  kingdoms. 

According  to  this  theory,  there  are  no  centers  of  origin  of  species, 
and  areas  are  not  formed  by  dispersal  from  these  centers.  A  species 
under  the  influence  of  internal  causes  arises  simultaneously  throughout 
the  entire  area  of  the  maternal  species,  which  breaks  up  into  daughter 
species,  regardless  of  whether  the  climate  is  hot  or  cold,  humid  or  arid, 
or  whether  or  not  there  are  present  mountains  or  valleys,  oceans,  seas 
or  rivers.  There  is  no  need  to  study  the  migrations  of  species;  dis- 
continuous areas  are  explained  simply,  without  need  of  assuming 
connections  between  the  continents.  Rosa  emphasizes  that  he  does 
not  deny  the  existence  of  migrations,  but  he  asserts  that  they  have  no 
effect  on  the  basic  factors  of  the  geographical  distribution  of  species, 
which  would  remain  the  same  even  if  such  migrations  had  not  taken 
place.  In  the  light  of  this  theory  of  hologenesis  everything  is  ap- 
parently very  much  simpUfied.  All  complicated  speculations  as  to  the 
distribution  of  organisms  are  done  away  with,  and  at  the  same  time 
biogeography  as  a  science  is  done  away  with.  If  we  should  accept  this 
author's  viewpoint,  we  should  have  to  draw  our  present  treatise  to  an 
abrupt  close. 

Starting  out  from  entirely  correct  paleontological  data  as  to  the 
extensive  areas  of  species  of  former  geological  periods  and  their  subse- 
quent contraction,  Rosa  derives  his  law  of  hologenesis,  according  to 
which  the  area  of  a  species  is  larger,  the  nearer  it  stands  to  the  initial 
species.  But  in  this  contraction  of  areas  he  incorrectly  sees  a  process 
of  the  gradual  extinction  of  life  on  the  globe,  a  "progressive  reduction 
of  variation",  as  he  expresses  it  (Rosa,  1903).  We  are  not  in  accord 
with  this  line  of  reasoning,  since  his  entire  theory  is  based  on  a  com- 
plete disregard  of  the  differentiation  of  climatic  conditions  on  the 
earth,  resulting  in  a  corresponding  differentiation  and  localization  of 
areas  of  species.  It  does  not  take  into  account  the  existence,  in  addi- 
tion to  retrogressive  changes,  of  the  progressive  polymorphism  of  the 
young  species  in  present-day  floras,  of  their  expanding,  not  contracting, 
areas.  We  are  not  in  accord  with  this  theory  also  because  of  its  con- 
ception of  the  development  of  organisms  as  a  result  solely  of  internal 
causes  and  because  of  its  scheme  of  a  dichotomous  genealogical  tree  of 
species,  which  is  in  contradiction  to  the  principles  of  evolution  and  to 
the  data  of  modern  science  which  confirm  that  scheme  of  the  develop- 
ment of  organisms  given  by  Darwin  in  his  "Origin  of  Species." 

Monotopic  or  Poljrtopic  Origin  of  Areas:  —  Before  we  close  our 
chapter  on  the  origin  of  areas,  we  must  take  up  one  more  difficult  and 
involved  problem,  that  as  to  the  monotopic  or  polytopic  origin  of 
species  and  areas.  By  monotopic  origin  is  meant  that  a  species  origi- 
nated in  a  single  center,  from  which  it  subsequently  spread  over  the 
territory  of  its  present  area.  There  has  also  been  advanced  the  op- 
posite point  of  view,  i.e.,  that  a  species  may  originate  polytopically. 


E.  V.  Wulff  —54—  Historical  Plant  Geography 

Just  as  we  can  imagine  the  origin  of  identical  forms  and  varieties  at 
different  points  of  the  area  of  a  species,  we  can  also  imagine  the  simul- 
taneous origin  of  identical  species  at  different — often  entirely  separate 
and  very  distant  from  one  another — points  of  the  area  of  a  genus, 
provided  that:  (/)  these  points  are  within  the  area  of  the  maternal 
form;  (2)  habitat  conditions  at  these  points  are  similar  but  not 
necessarily  identical  (Briquet,  1901). 

Before  proceeding  to  a  discussion  of  these  theories  it  is  necessary  to 
point  out  that  the  terms  monotopic  and  polytopic  should  not  be 
confused  with  the  terms  monophyletic  and  polyphyletic.  The  former 
refer  to  the  geographical  location  of  the  center  of  origin  of  a  genus  or 
species  and  the  origin  of  its  area;  the  latter  to  the  origin  of  a  given 
taxonomic  unit  from  one  or  several  initial  roots.  In  the  latter  case, 
due  to  adaptation  to  similar  habitat  conditions  or  similar  biological 
factors,  separate  organs  (or  the  entire  organism)  may  acquire  such  a 
similar  structure  that  there  are  apparent  grounds  for  referring  such 
similar  species  to  the  same  taxonomic  unit.  But,  naturally,  once  its 
polyphyletic  origin  has  been  established,  such  an  artificial  unit  must  be 
divided  into  as  many  separate  units  as  initial  roots  participated  in  the 
development  of  the  externally  similar  organisms.  For  instance,  the 
subclass  Sympetalae  is  of  polyphyletic  origin,  and  it  should,  therefore, 
be  abolished,  and  the  genera  comprised  within  it  should  be  referred  to 
corresponding  families  of  apopetalous  Angiospermae.  The  smaller  a 
taxonomic  unit,  the  easier  it  is  to  trace  its  origin.  Thus,  polyphylesis 
of  genera  occurs  very  rarely,  and,  as  for  species,  their  polyphyletic 
origin  is  exceedingly  unlikely.  Even  species  of  hybrid  origin  cannot  be 
regarded  as  of  polyphyletic  origin,  as  is  clear  from  the  universally 
accepted  definition  of  this  term  as  given  by  us  above.  Such  species 
may  be  called  polymorphic  (Rozanova,  1938)  but  by  no  means  poly- 
phyletic. Hence,  in  discussing  the  monotopic  or  polytopic  origin  of 
species,  we  have  in  mind  only  monophyletic  species. 

In  order  to  make  clearer  the  concept  of  the  monotopic  or  polytopic 
origin  of  species,  we  shall  cite  a  number  of  examples.  Let  us  imagine 
a  species  distributed  over  a  considerable  territory  at  the  foot  of  a 
mountain  chain  having  a  number  of  separate  peaks.  If  this  species 
at  a  certain  time  in  its  dispersal  begins  to  ascend  the  slopes  of  this 
chain  and,  after  attaining  its  summits,  for  some  reason  dies  away  on 
the  slopes  and  at  the  foot  of  the  chain,  the  habitats  on  the  summits 
of  the  chain  become  absolutely  isolated.  Naturally,  knowing  the  his- 
tory of  the  dispersal  of  the  species,  we  cannot  regard  these  stations  on 
separate   peaks   as  having   arisen  polytopically. 

Now  let  us  imagine  another  case:  A  lowland  species,  upon  reaching 
these  same  summits  and  being  subjected  to  the  ecological  conditions  of 
the  high-mountain  belt,  forms  a  tetraploid  race,  which  can  be  ranked 
as  a  separate  species.  All  of  the  peaks  of  our  mountain  chain  will  be 
inhabited  by  this  same  tetraploid  species,  whose  origin  will  again  be 
monotopic,  not  polytopic.  It  arose  from  a  diploid  species  having  a 
continuous  area  and,  if  its  habitats  are  isolated  on  separate  mountain 
peaks,  the  reason  for  this  lies  not  in  the  origin  of  the  species  but  in  the 
fact  that  the  peaks  are  isolated  from  one  another.  If  the  mountain 
chain  had  been  topped  not  by  separate  peaks  but  by  a  continuous 
plateau,  the  tetraploid  species  would  have  had  a  continuous  area. 
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Thus,  in  such  cases  as  the  above,  either  the  discontinuity  of  the  area 
is  only  apparent,  each  hnk  being  actually  connected  with  the  area  of 
the  initial  species,  or— in  case  the  latter  has  become  extinct  or  there 
have  occurred  some  great  changes  in  the  earth's  surface,  e.g.,  the  break- 
ing away  of  part  of  the  mainland  in  the  form  of  an  island — the  species, 
though  at  present  isolated,  had  their  origin  in  the  continuous  area  of  an 
initial  form.  Hence,  in  order  to  estabhsh  the  history  of  the  flora  of  a 
given  locaUty  having  in  its  composition  isolated  elements,  it  is  neces- 
sary to  penetrate  deeply  into  the  history  of  their  initial  forms  and  seek 
to  ascertain  whether  or  not  their  area  might  possibly  have  been  con- 
tinuous in  the  past.  In  such  a  case  the  work  should  be  conducted 
along  the  Hnes  customary  for  investigations  in  the  field  of  historical 
plant  geography. 

Quite  different  will  be  our  approach  in  cases  where  we  assume  the 
possibility  of  the  origin  of  identical  races  in  two  distant  and  isolated 
points,  without  their  occurring  in  intermediate  localities  characterized 
by  analogous  habitat  conditions.  For  instance,  Wetterhan  (1872), 
one  of  the  first  to  advance  this  theory,  considered  it  possible  to  assume 
that,  as  a  result  of  slow  changes  in  the  structure  of  a  plant  and  the 
preservation  of  the  most  favorable  of  these  changes,  there  might  arise 
identical  species  in  entirely  different  and  far  distant  localities,  as,  for 
example,  in  arctic  and  alpine  regions.  This  same  viewpoint  is  held  by 
a  number  of  other  authors  (see  Briquet,  1891,  1901,  and  the  appended 
bibliographies). 

For  example.  Briquet  (1901),  in  his  investigation  of  the  origin  of 
the  Alpine  flora  of  Corsica,  points  out  that  the  mountains  of  this 
island  are  considerably  more  ancient  than  the  Alps  and  never  were  in 
contact  with  the  latter.  Nevertheless,  on  the  mountains  of  Corsica 
and  on  the  Alps  there  are  found  exactly  identical  species.  At  the  same 
time,  the  species  most  common  in  the  Alps  and  having  special  dis- 
persal mechanisms  for  the  transport  of  their  seeds  are  not  found  in 
Corsica,  and,  conversely,  the  species  most  common  on  this  island  are 
not  found  in  the  Alps.  On  the  other  hand,  rare  Alpine  species,  whose 
transport  there  are  no  grounds  at  all  to  suspect,  are  found  on  the 
mountains  of  Corsica.  Briquet  considers  that  only  one  supposition  is 
possible,  viz.,  that  these  identical  species  arose  in  such  widely  separated 
stations  polytopically,  i.e.,  independently  of  each  other. 

Another  example :  Primula  farinosa,  which  is  distributed  through- 
out the  entire  northern  hemisphere,  has  an  isolated  portion  of  its  area 
in  the  southern  hemisphere,  in  South  America  on  the  shores  of  the 
Straits  of  Magellan,  separated  from  the  North  American  part  of  its 
area  by  a  distance  of  ninety  degrees  of  latitude.  This  antarctic  prim- 
ula, although  it  is  ranked  as  a  special  variety,  var.  magellanica,  is 
almost  indistinguishable  from  typical  P.  farinosa.  According  to  the 
adherents  of  the  polytopic  theory,  the  finding  of  this  primrose  along  the 
shores  of  the  Straits  of  Magellan  is  ascribed  to  its  entirely  independent 
origin  there.  But  the  question  immediately  comes  to  the  fore:  From 
what  initial  forms  did  this  species  with  its  double  origin  arise?  Since 
there  was  not  a  common  initial  form  with  a  continuous  area  of  distri- 
bution, it  would  be  necessary  to  assume  that  the  forms  which  gave 
origin   to  this  species   are   the   initial   forms  not   only  for  the   genus 
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Primula  but  for  the  entire  family  of  Primulaceae,  the  development  of 
which  proceeded  in  different  directions,  leading  in  the  end  to  the  poly- 
phyletic  origin,  in  two  hemispheres  of  the  globe,  of  entirely  identical 
species,  a  conclusion  scarcely  acceptable  to  anyone. 

This  problem  may  be  solved  considerably  more  simply  by  assuming 
the  very  probable  migration  of  P.  farinosa  from  North  America  along 
the  Cordilleras  and  Andes  to  the  Far  South.  This  is  confirmed  by  the 
fact  that  this  primula  is  not  the  only  plant  in  South  'America 
with  such  a  range.  Here  are  found  species  of  a  number  of  genera, 
such  as  Draha,  Saxifraga,  Gentiana,  Alopecurus,  Carex,  Phleum,  etc., 
identical  or  very  close  to  arctic-alpine  species  of  these  genera. 
According  to  Pax  (1889)  in  his  monograph  on  the  genus  Primula, 
P.  farinosa  first  occurred  in  the  southern  hemisphere  only  after  it  had 
become  widely  distributed  in  the  northern  hemisphere.  Its  migration 
to  the  south  may  have  taken  place  during  the  Ice  Age,  when  the 
cUmatic  conditions  in  the  Andes  were  more  humid  than  at  present, 
which  favored  the  growth  of  arctic-alpine  species.  In  the  post-glacial 
period  these  species  were  preserved  in  the  mountains  of  North  America 
and  the  antarctic  region  of  South  America  but  died  out  in  the  inter- 
mediate habitats,  a  bipolar  area  thus  being  formed. 

Similarly,  as  regards  the  high-mountain  vegetation  of  the  islands  of 
the  Tyrrhenian  Sea,  which  served  as  the  basis  for  the  conclusions 
drawn  by  Briquet,  we  find  in  the  work  of  Braun-Blanquet  (1923) 
on  the  origin  of  the  flora  of  the  central  massif  of  France  the  following: 
"The  hypothesis  ...  of  a  'polytopic'  origin  .  .  .  gradually  vanishes 
in  thin  air  and  has  to  yield  its  place  to  a  better  grounded  explanation 
that  is  also  in  accord  with  morphogenetic  data.  The  latter  show  that 
the  definitive  separation  between  the  Betic  Cordillera  and  the  Moroccan 
Rif  took  place  at  the  beginning  of  the  Pleiocene  period;  the  islands  of 
the  Tyrrhenian  Sea  were  separated  from  the  mainland  at  the  end  of 
the  Tertiary  period,  at  which  time  they  already  possessed  a  diverse, 
orophytic  flora.  On  the  summits  ...  of  the  Central  Massif  there 
must  also  have  existed  alpine  species"  (pp.  206-7). 

The  advocates  of  the  polytopic  theory  consider  possible  the  inde- 
pendent origin  by  mutation  of  absolutely  identical  species  in  two, 
widely  separated  points  of  the  initial  area.  But  up  to  the  present 
time  we  do  not  know  of  a  single  case  of  the  origin  by  mutation  of  one 
and  the  same  species,  with  an  absolutely  identical  complex  of  charac- 
ters, at  widely  separated  points.  Likewise  there  cannot  arise  one  and 
the  same  hybrid  species  at  two  independent  and  very  distant  points  of 
the  areas  of  the  parental  species.  Species  having  extensive  areas  are 
not  fully  homogeneous  throughout  the  entire  extent  of  their  areas,  but 
constitute  series  of  vicarious  races.  Consequently,  when  these  species 
are  crossed  at  widely  separated  points  of  their  areas,  the  differences 
between  the  geographical  races  to  which  the  parental  forms  belong 
exclude  the  possibility  of  the  occurrence  of  completely  identical 
hybrid  species. 

All  this  leads  us  to  the  conclusion  that  similar  habitat  conditions 
may  induce  the  polytopic  origin  of  similar  forms,  distinguished  from 
one  another  by  only  a  few  characters,  e.g.,  glabrous  or  pubescent  forms, 
forms  with  glandular  hairs,  with  liguleless  leaves  (in  cereals),  with  or 
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without  anthocyanin,  etc.  Such  parallel  forms  may  arise  in  different 
parts  of  the  area  of  a  species  either  by  mutation  or  in  consequence  of 
hereditary  causes,  due  to  the  parallel  variation  of  the  characters  of 
allied  forms,  which  "are  apt  to  vary  under  similar  exciting  causes  in  a 
similar  manner"  (Darwin,  1911,  p.  585).  Such  parallel  variation, 
called  by  Darwin  "analogical  variation",  was  later,  on  the  basis  of 
extensive  matenal,  formulated  by  Vavilov  as  the  "law  of  homologous 
series  in  variation".  But  if  this  may  be  accepted  as  regards  separate 
characters,  changes  in  which  may  be  caused  by  separate  factors  there 
is  stiU  no  basis  for  assuming  the  possibility  of  the  polytopic  origin  of 
species,  characterized  by  a  whole  complex  of  characters,  since  no  two 
localities  on  earth  are  exactly  alike  in  all  respects,  as  regards  all  factors 
all  physico-geographical  conditions.  In  any  case,  the  advocates  of  the 
polytopic  theory  have  presented  only  theoretical  assumptions  and  have 
not  advanced  a  single  real  proof.  Even  when  the  discontinuity  of  an 
area  seems  inexplicable,  we  may  in  most  cases  expect  that  geological 
data  will  be  discovered,  if  they  have  not  already  been  discovered, 
which  will  explain  the  configuration  of  such  areas  on  the  basis  of 
purely  historical  causes. 
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Chapter  V 

TYPES  OF  AREAS 

The  areas  of  species  of  plants  are  as  diverse  as  the  distribution 
of  plants  is  varied.  It  is,  consequently,  impossible  to  group  all  this 
diversity  into  a  definite  number  of  types.  Any  hard  and  fast  system 
of  classifying  areas  would  be  artificial,  since  it  would  not  reflect  the 
natural  diversity  of  plant  distribution.  Nevertheless,  a  definite  ter- 
minology for  designating  different  types  of  areas  is  necessary.  At- 
tempts to  elaborate  such  a  terminology  have  been  made  by  various 
investigators.     We  give  below  two  examples. 

According  to  Pachosky  (1921,  p.  209),  the  following  types  of  areas 
may  be  distinguished:  (i)  two  races  or  two  closely  allied  species  may 
inhabit  one  and  the  same  region,  i.e.,  may  grow  side  by  side — a  coex- 
tensive area;  if  the  area  of  one  such  species  is  smaller  than  that  of  the 
other,  the  smaller  is  called  an  included  area  (Bush,  1917);  (2)  two 
species  may  inhabit  different  regions,  in  which  case  their  areas  are 
either  separate  or  contiguous;  (3)  the  areas  of  two  species,  at  the 
point  of  contact,  may  overlap — an  overlapping  area;  (4)  the  area  of 
distribution  of  a  species  may  be  broken  by  the  area  of  another  species 
and  then  again  be  resumed  (such  an  alternation  of  species  may  be  re- 
peated several  times  over) — a  discontinuous  area;  (5)  within  the  area 
of  distribution  of  a  species  there  may  be  enclosed  islet-like  habitats  of 
another  species,  which,  in  addition,  has  its  own  main  area,  that  may  or 
may  not  contain  islet-like  inclusions  of  the  first  species;  (6)  lastly, 
there  are  cases  when  one  of  the  species  has  an  independent  area,  while 
the  other  only  has  such  islet-like  habitats  within  the  area  of  the  first. 
Ilyinsky  (1933)  proposed  the  following  classification  of  areas,  which 
takes  into  account  not  only  their  statics  but  also  their  dynamics: 

1.   Progressive  or  expanding  areas 

1.  Radiate  area  {area  radiata) 

2.  Fringed  area  (area  fimbriata) 

3.  Continuous  area  {area  solidd) 
II.   Retrogressive  or' conlracling  areas 

4.  Reticulate  or  perforated  area  {area  perforata) 

5.  Discontinuous  or  fragmented  area  {area  disjunda  or  fragmentala) 

6.  Area  limited  to  one  greatly  restricted  geographical  region  {area  solitaria) 

The  areas  of  species  distributed  both  in  the  northern  and  southern 
hemispheres  but  not  in  the  tropical  zone  are  called  bipolar  areas. 

Other  types  of  areas,  such  as  cosmopolitan,  endemic,  vicarious, 
and  relic  areas,  as  well  as  continuous  and  discontinuous  areas,  we  shall 
discuss  at  greater  length. 

Cosmopolitan  and  Endemic  Areas:  —  There  is  only  a  very  limited 
number  of  species  that  are  distributed  over  all  or  almost  all  the  globe. 
Species  so  distributed  are,  for  the  most  part,  those  which  are  indiffer- 
ent to  environmental  conditions,  i.e.,  ubiquitous  species.  Such  wide- 
ranging  species  are  known  as  cosmopolites  or  pan-endemics  (Fenzl). 
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In  reality,  there  are  no  true  cosmopolites,  i.e.,  species  inhabiting 
the  entire  globe  from  pole  to  pole,  at  least  not  among  the  higher  plants. 
As  Alphonse  de  Candolle  (1855)  pointed  out,  such  species  cannot 
exist.  There  are  species  distributed  from  the  arctic  through  the  tem- 
perate zone  and  then  reappearing  in  the  southern  hemisphere;  there 
are  also  species  distributed  throughout  all  the  tropics  and  even  con- 
siderably beyond  them.  But  there  are  no  species,  at  least  no  low 
elevation  species,  distributed  on  the  equator  and  at  the  same  time  reach- 
ing nearly  to  the  two  opposite  poles.  This  is  due  to  the  great  differ- 
ences in  climatic  and  edaphic  conditions,  and  holds  true  both  for 
species  naturally  distributed  and  for  those  which  have  accompanied 
man.    Hence,  cosmopolitanism,  in  the  absolute  sense  of  this  word,  does 


Fig.  6.  —  Distribution  of  species  of  Celsia  in  southern  Europe  and  northern  Africa;  6i, 
C.  ramosissima;  62,  C.  Ballii;  63,  C.  longirostris;  64,  C.  cretica;  65,  C.  pinnatisecta;  66,  C. 
lyrata;  67,  C.  laciniata;  68,  C  Barnadesii;  69,  C.  Battandieri;  70,  C.  maroccana;  Ti,  C. 
zaiamensis;  y2,  C.  Faurei;  yj,  C.  commixta;  y^,  C.  belonicifolia.  (After  Murbeck).  —  65,74 
included  areas;  63,  64,  69,  70,  72  overlapping  areas;  62,  68,  71  separate  areas;  61,  67,  73 
contiguous  areas. 

not  exist,  and  if  we  use  this  term,  it  is  only  in  a  relative  and  approxi- 
mate sense.  The  number  of  species  occupying  as  much  as  half  of  the 
earth's  surface  is  very  limited  and  does  not  exceed  20  or  30  species. 
De  Candolle  could  enumerate  only  18  such  species,  and  even  if  we 
assume  that  closer  acquaintance  with  the  distribution  of  plants  would 
show  the  inaccuracy  of  this  figure  and  that  it  should  be  doubled  or 
trebled,  the  number  of  such  species  is  nevertheless  insignificant.  Even 
the  total  number  of  species  occupying  one-quarter  of  the  earth's  sur- 
face is  insignificant  in  comparison  with  the  total  number  of  species. 
According  to  de  Candolle,  it  is  not  over  200  (to  be  accurate — 116), 
which  amounts  to  only  o.ooi  per  cent  of  the  total  number  of  flowering 
plants  known  in  his  time. 
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It  is  of  interest  that  among  the  species  in  this  list  are  plants  differ- 
ing widely  in  habitat.  There  are  fresh-water  aquatics  (15  floating  or 
submerged  species  and  23  species  that  root  in  the  bottom  of  ponds  or 
lakes  but  extend  the  upper  part  of  their  stems  and  leaves  above  the 
surface  of  the  water)  and,  on  the  other  hand,  there  are  xerophytes 
(14-15  species).  Another  30  or  so  species  are  accounted  for  by  weeds 
infesting  cultivated  fields.  The  life  span  of  these  species  also  differs: 
47  of  them  are  annuals,  3  biennials,  and  66  perennials.  Likewise  they 
are  distributed  at  random  among  the  various  groups  of  the  vegetable 
kingdom. 

For  these  wide-ranging  species  Molisch  (1926)  has  proposed  the 
more  accurate  term  "semi-cosmopolites". 

If  we  turn  now  to  species  not  occupying  such  a  large  territory  on 
the  earth's  surface,  we  can  note,  as  regards  their  distribution,  two  main 
types.  To  the  first  belong  species  distributed  in  various  regions  and 
countries;  these  are  known  as  scattered,  sporadic  (de  Candolle),  or 
polyendemic  (Fenzl)  species.  In  contrast  to  these,  there  are  other 
species  which  in  their  distribution  are  limited  to  a  very  restricted  area, 
not  extending  beyond  some  one  region,  country,  island,  or  mountain 
summit.  Such  species  are  called  endemics.  With  respect  to  all  these 
terms,  just  as  in  the  case  of  the  term  "cosmopolite",  it  must  be  re- 
membered that  they  bear  only  a  relative,  often  conditional,  and  by  no 
means  absolute  character. 

By  endemic  area,  a  concept  first  introduced  into  science  by  A.  P.  de 
Candolle,  we  now  understand  the  area  of  a  taxonomic  unit,  particu- 
larly of  a  species,  limited  in  its  distribution  to  some  one  natural  region 
or  habitat,  the  physico-geographical  and  ecological  conditions  of  which 
set  it  off  from  adjoining  regions.  In  this  respect  islands  and  mountain 
peaks,  with  their  distinct  natural  boundaries,  make  possible  the  most 
exact  determination  of  an  endemic  area.  As  regards  other  regions, 
such  a  sharp  delimitation  rarely  occurs. 

But  the  very  concept  "endemic"  is  not  simple.  There  are  different 
interpretations  and  evaluations  which  depend  largely  on  the  age  of  the 
endemic.  In  some  cases  the  origin  of  an  endemic  should  be  referred  to 
remote  times,  judging  by  its  phylogenetic  antiquity,  taxonomic  isola- 
tion, character  of  its  habitats  {e.g.,  mountain  peaks  or  islands,  which 
have  since  time"  immemorial  been  in  a  state  of  isolation),  or  its  past 
history.  For  example,  to  this  group  we  may  refer  a  species  which  at 
one  time  had  an  extensive  distribution  but  which  later,  during  the 
course  of  geological  revolutions  accompanied  by  climatic  and  physico- 
geographical  changes  in  habitat  conditions,  gradually  died  out  and 
eventually  entirely  disappeared  from  the  greater  part  of  its  area,  sur- 
viving only  in  a  small  portion  of  the  latter,  thanks  to  some  favorable 
circumstances  or  other.  Consequently,  in  ancient  lands,  as,  for  in- 
stance, in  mountain  regions  or  on  islands  the  vegetation  of  which  has 
survived  during  geological  revolutions,  the  percentage  of  endemic 
species  is  necessarily  very  high,  and  the  endemism  itself  is  of  an 
ancient,  relic  character.  Hence,  the  number  of  relic  endemics  in  the 
composition  of  a  given  flora  indicates  both  how  old  the  latter  is  and 
how  long  it  has  been  isolated.  The  Alps,  for  instance,  have  200  en- 
demic species,   the   Canary  Islands — 469  species  (45%  of  the  total), 
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Corsica — 58  per  cent,  Madagascar — 66  per  cent,  New  Zealand — 72  per 
cent  (1,000  species),  Hawaii — 82  per  cent,  and  St.  Helena — 85  per 
cent. 

In  other  cases,  however,  endemic  species — or,  more  frequently, 
units  of  a  lower  order,  such  as  subspecies,  varieties,  forms — are  charac- 
teristic of  younger  portions  of  the  earth's  surface.  Then  the  endemism 
has  an  entirely  different,  more  recent  origin.  This  may  be  the  case, 
for  instance,  when  within  the  limits  of  some  natural  region,  due  to 
changes  in  ecological  conditions,  an  initial  form  gives  rise  to  new  forms. 
The  latter  may  be  closely  bound,  due  to  certain  specific  habitat  condi- 
tions, to  this  region  only,  or  for  some  other  reason  they  may  remain 
within  the  given  region  and  not  spread  beyond  its  confines. 

A  similar  origin  of  endemics  of  this  type  is  observed  also  in  case 
of  the  relatively  recent  isolation  of  a  given  region.  A  very  striking 
example  of  this  is  the  Crimean  Peninsula,  which  at  one  time  constituted 
part  of  the  eastern  Mediterranean  region,  being  connected  as  late  as  the 
Pleiocene  period  with  Asia  Minor  and  Transcaucasia,  but  which  later 
separated  from  them  and  became  attached  to  the  South  Russian  main- 
land. Because  of  the  fact,  however,  that  the  isthmus  by  which  it  is 
attached  is  still  characterized  by  solonchak  soils  unfit  for  the  growth  of 
most  plants,  the  Crimean  Peninsula  is,  in  a  biological  sense,  almost  an 
island,  having  at  a  comparatively  recent  date  entered  into  a  condition 
of  isolation.  Consequently,  in  the  Crimea  ancient,  rehc  endemism  is 
represented  by  only  a  few  species,  the  number  of  which,  as  further 
studies  are  made  of  the  flora  of  Asia  Minor,  becomes  less  and  less,  while 
secondary  endemism,  of  more  recent  origin,  becomes  more  and  more 
extensive,  embracing  ever  new  forms  and  species,  as  we  study  the  flora 
of  the  Crimea  more  thoroughly.  And  this  holds  true  not  only  as  re- 
gards the  flora  but  also  as  regards  the  fauna  of  the  peninsula  (Wulff, 
1926). 

As  a  similar  example  we  may  take  Cape  Colony,  which,  as  regards 
climatic  conditions,  is  entirely  isolated  from  the  adjoining  parts  of 
Africa  and,  hence,  very  rich  in  endemics  of  comparatively  recent  origin. 
The  same  holds  true  in  Western  Australia,  which  is  cut  off  from  the 
other  parts  of  Australia  by  a  desert  zone. 

Such  data  forced  Engler  (1882,  Vol.  H,  p.  48)  to  point  out  that 
"it  should  never  be  forgotten  that  there  are  two  kinds  of  endemism — 
one  based  on  the  preservation  of  ancient  forms,  which  may  have  origi- 
nated in  entirely  different  regions,  and  the  other  based  on  the  develop- 
ment of  new,  entirely  autochthonous  forms".  Likewise  Braun- 
Blanqxiet  (1923,  p.  223)  is  correct  when  he  states  that:  "The  study 
and  precise  interpretation  of  the  endemism  of  a  territory  constitute  the 
supreme  criterion,  indispensable  for  arriving  at  any  conclusions  regard- 
ing the  origin  and  age  of  its  plant  population.  It  enables  us  better  to 
understand  the  past  and  the  transformations  that  have  taken  place; 
it  also  provides  us  with  a  means  of  evaluating  the  extent  of  these 
transformations,  the  approximate  epoch  when  they  occurred,  and  the 
effects  which  they  produced  on  the  development  of  the  flora  and  the 
vegetation". 

For  these  two  kinds  of  endemism  different  authors  have  adopted 
different  names.    Drude  (1890)  calls  them  relic  and  secondary  endem- 
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ism;  Briquet  (1905) — "endemisme  par  conservation"  and  "en- 
demisme  par  novation";  Deels  (1908) — conservative  and  progressive 
endemism;  Herzog  (1926) — relic  or  ancient  endemism  (Altersendemis- 
mus)  and  neo-endemism;  Braun-Blanquet  (1923)  and  Chevalier 
and  Guenot  (1925) — paleo-endemism  and  neo-endemism.  The  last- 
mentioned  terms  seem  to  us  the  most  suitable,  and  we  have  decided 
to  adopt  them,  despite  the  fact  that,  as  Ridley  (1923,  1925)  has 
pointed  out,  some  confusion  arises  from  the  use  of  one  and  the  same 
term  "endemic"  to  designate  two  different  types  of  plants.  Though 
both  are  characterized  by  a  restricted  area  of  distribution,  one  type 
embraces  relics  of  earlier  floras  which  have  survived  in  a  limited  por- 
tion of  their  past  territory,  the  other  type  species  having  originated 
in  a  given  region  and  not  yet  having  spread  beyond  it.  In  view  of  the 
desirability  of  two  distinct  terms  by  which  to  designate  these  two 
types,  Ridley  proposes  to  reserve  for  the  second  type  the  term  "en- 
demics", since  they  arose  from  parental  forms  on  the  territory  of  their 
habitat  and  continue  to  live,  so  to  say,  among  their  own  "demos" 
(from  which  Greek  word  "endemic"  is  derived).  In  contrast  to  this 
plants  of  the  first  type,  being  remnants  or  survivors  of  former  floras, 
he  calls  epibiotics.  However,  if  the  latter  term  is  used,  it  seems  to  us 
advisable  to  restrict  its  use  to  endemic  relics  {i.e.,  paleo-endemics)  and 
not  to  apply  it  to  relics  in  general. 

To  distinguish  between  these  two  types  ordinarily  does  not  present 
any  particular  difficulty,  since  paleo-endemics  (or  epibiotics)  do  not 
have  any  close  connection  with  other  species  in  their  area,  whereas  neo- 
endemics  have  numerous,  often  close  bonds  with  other  species  in  their 
region  of  distribution.  However,  there  are  endemics  which  it  may  be 
difficult  to  refer  to  either  of  these  categories.  For  example,  there  are 
instances  of  endemic  genera,  which  without  any  doubt  should  be  classed 
as  paleo-endemics  but  which  comprise  species  that  should  be  classed  as 
neo-endemics.     These  Rikli  calls  active  epibiotics. 

The  endemic  flora  of  Australia,  according  to  Diels  (1906),  consti- 
tutes another  example  of  the  difficulty  of  referring  endemics  to  the  two 
indicated  categories.  He  divides  this  flora  into  three  groups:  (/)  en- 
demic genera  not  having  any  connection  with  pan-Australian  genera; 
often  monotypical  genera;  (2)  endemic  genera  having  some  connection 
with  the  indicated  genera;  (j)  endemic  genera  having  undoubted  con- 
nection with  pan-Australian  genera. 

Endemic  species  are  sometimes  confined  to  exceptionally  limited 
areas,  e.g.,  to  a  single  mountain  peak.  Such  species  may  be  called 
local  endemics.  Their  greatly  restricted  areas  may  be  due  to  one  of 
three  causes:  (/)  the  recent  origin  of  the  endemic,  which  has  only 
begun  its  dispersal  and  the  formation  of  its  area;  (2)  the  antiquity  of 
the  endemic,  which  is  contracting  its  area,  in  consequence  of  which 
the  limited  territory  now  occupied  by  it  constitutes  the  last  remnant 
of  its  former  area;  (3)  the  specificity  of  the  habitat  conditions,  which 
prevail  only  in  the  given  spot,  or  the  impossibility  of  an  expansion  in 
area  due  to  obstacles  of  a  physico-geographical  nature. 

Braun-Blanquet  (1923)  distinguishes,  in  addition,  micro-endemics, 
which  are  endemic  forms  of  lower  taxonomic  rank  and  recent  origin. 

Lastly,   we   wish   to   mention   pseudo-endemics,   to   which   Herzog 
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(1926)  refers  those  species  that  have  been  encountered  only  once  and 
only  in  one  place  and  that  are,  for  the  most  part,  mutants,  being  likely 
to  disappear  as  suddenly  as  they  arose. 

Besides  species  whose  endemism  is  the  result  of  the  history  of  their 
origin  and  distribution  there  are  species  whose  endemism  is  connected 
with  definite  habitat  conditions.  The  latter  may  be  called  ecological 
endemics.  As  is  well  known,  there  are  a  large  number  of  endemic 
species  which  arose  as  a  result  of  edaphic  conditions,  e.g.,  species  con- 
nected with  cretaceous  soils,  such  as  Linaria  cretacea,  Silene  crelacea, 
Scrophularia  cretacea,  and  Hedysarmn  crelaceum;  with  sandy  soils — 
psammo-endemics,  in  the  terminology  of  Lavrenko  (1936) — such  as 
Agropyrum  tanaiticunt  (in  the  Don  Valley)  and  species  of  the  series 
Centaurea  margaritacea  s.l.  (in  the  Don  and  Dnieper  Valleys);  with 
granite,  serpentine,  and  solonchak  soils.  Moisture  conditions  are  like- 
wise a  cause  of  the  occurrence  of  endemic  species;  among  such  species 
we  may  mention  those  that  grow  along  the  banks  of  rivers  (Fursaev, 
1937)- 

The  determination  of  the  type  of  any  given  cases  of  endemism, 
particularly  the  division  of  endemic  species  into  paleo-  and  neo- 
endemics,  is  a  very  important  factor  in  the  analysis  of  a  flora.  In  re- 
tracing the  history  of  a  flora  paleo-endemics  may  serve  as  important 
guideposts.  The  paleo-endemic  nature  of  a  species  is  usually  deter- 
mined by  its  relic  character,  its  geographic  and  often  taxonomic 
isolation,  the  absence  of  variation  in  characters,  its  narrow  restriction 
to  definite  ecological  conditions,  upon  all  of  which  depend  the  limited 
size  of  its  area  and,  to  a  great  extent,  its  retrogressive  nature.  But  all 
these  factors  are  not  sufficiently  objective  to  determine  positively  the 
age  of  an  endemic.  For  this  purpose  the  use  of  cytological  data  has 
been  proposed,  e.g.,  for  the  genus  Festuca  (Lewitsky  and  Kuzmina, 
1927)  and,  more  recently,  for  the  germs  Agrostis  (Sokolovskaya,  1937). 
Taking  into  consideration  the  circumstance  that,  when  a  genus  com- 
prises a  polyploid  series  of  species,  those  species  having  a  small  chromo- 
some number  are  older  than  and  constitute  the  initial  forms  for  the 
species  having  the  larger  chromosome  numbers,  we  may  use  this  charac- 
ter in  determining  the  relative  age  of  any  given  case  of  endemism. 
Endemic  species  with  a  small  chromosome  number  may  usually  be 
referred  to  paleo-endemics,  while  neo-endemics  have  larger  chromo- 
some numbers.  For  example,  the  endemics  Agrostis  planifolia  (a  Cau- 
casian species)  and  A.  hissarica  (a  Central  Asiatic  species)  have  42  as 
their  diploid  chromosome  number,  while  the  endemics  A.  Biebersteinii 
(a  Caucasian  species)  and  A.  Trinii  (an  East  Siberian  species)  have 
only  14.  It  is  clear  that  the  former  should  be  regarded  as  neo-  and  the 
latter  as  paleo-endemics. 

Vicarious  Areas:  By  vicarious  areas  we  mean  areas  for  the  most 
part  mutually  exclusive  and  belonging  to  closely  related  species,  differ- 
ing only  in  a  few  specific  characters  and  linked  by  the  fact  that  they 
derived  their  origin  from  one  initial  form.  The  formation  of  vicarious 
areas  has  at  its  basis  the  process  of  the  genesis  of  geographical  races. 
Speaking  of  vicarism,  we  have  in  mind  chiefly  species  and  geographical 
races   (subspecies),  although  there  may  also  be  vicarious  sections  of 
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genera,  vicarious  genera,  and  even,  in  a  certain  sense,  vicarious  families. 
The  number  of  such  vicarious  taxonomic  units,  however,  is  insignificant 
as  compared  with  the  exceedingly  large  number  of  vicarious  species 
and  races.  In  any  present-day  taxonomic  monograph  we  may  find 
many  instances  of  such  geographical  series  of  species  (in  the  narrow 
sense)  or  subspecies  (races),  inhabiting  independent  geographical  areas 
usually  mutually  exclusive  but  sometimes  slightly  overlapping.  Ex- 
amples of  such  vicarious  areas  are  given  in  the  accompanying  maps. 

In  some  cases  vicarious  species  have  arisen  as  a  result  of  climatic 
changes,  changes  in  the  distribution  of  seas  and  land,  and  other  causes 
of  a  historical  nature.  In  such  cases  vicarious  areas  have  an  ancient 
character,  and  the  species  themselves  are  usually  paleo-endemics.  In 
other  cases  the  origin  of  vicarious  species  or  forms  may  have  been 
occasioned  by  differences  in  the  ecological  conditions  encountered  by 
the  species  in  the  course  of  its  dispersal. 

The  spread  of  a  species  from  one  ecological  region  to  another,  ac- 
companied by  the  formation  of  vicarious  species,  may  be  designated 
(Kashkarov  and  Koeovin,  1931;  Korovin,  1934)  as  autonomous 
migration,  as  distinguished  from  successive  migration,  when  a  species 
during  its  dispersal  preserves  its  chief  characters,  due  to  its  finding 
itself  constantly  in  a  similar  ecological  environment  or  to  its  adapta- 
bility to  a  wider  range  of  ecological  conditions. 

Soviet  Central  Asia,  thanks  to  the  exceptional  diversity  of  its 
ecological  conditions,  gives  numerous  examples  of  such  migration  of 
species  of  different  geographical  and  ecological  origin.  For  instance, 
according  to  Korovin  (1934),  the  genus  Scaligeria,  whose  area  has  its 
initial  center  in  the  Mediterranean  Basin  proper  and  a  secondary  cen- 
ter in  southern  Turkmenistan,  is  represented  by  the  following  vicarious 
species,  whose  vicarism  is  both  horizontal  (geographical)  and  vertical 
(altitudinal) :  S.  transcaspica — deserts;  S.  hirlula — steppes;  5.  fer- 
ganensis — woods;  5.  ferganensis  var.  Korshinskyi — subalpine  meadows. 
The  same  holds  true  for  the  genus  Bunium:  B.  capusi — deserts; 
B.  persicum — semi-deserts;  B.  chaerophylloides — steppes;  and  B. 
Angreni — alpine  zone. 

Species  of  the  genus  Phlomis  belonging  to  the  subgenus  Phlomidop- 
sis,  which  originated  in  eastern  Asia,  are  distributed  in  Soviet  Central 
Asia  primarily-  in  subalpine  and  alpine  zones.  But  one  of  the  species  of 
this  subgenus,  P.  brachystegia,  grows  in  meadow  steppes,  and  another, 
P.  Popovii,  still  lower  in  the  steppes  proper. 

Arthrophylum  haloxylon,  which  grows  on  solonchak  soils,  is  replaced 
on  sandy  soils  by  A.  persicum.  Aristida  pennata,  which  grows  on 
stationary  sands,  is  replaced  on  shifting  sands  by  A.  Karelini  and  on 
stony  soils  enriched  with  gypsum  by  a  third  species,  A.  rigida. 

Pachosky  (1921)  likewise  pointed  out  that  corresponding  to  differ- 
ent soils  and  other  diverse  conditions  there  exist  pairs  or  groups  of 
species,  which  may  be  united  in  coenospecies  (collective  species).  More- 
over, these  species,  though  linked  with  definite  habitat  conditions,  are 
not  remnants  of  a  once-existent  flora  and  are  not  genetically  isolated 
from  one  another,  but  are,  on  the  contrary,  new  forms  of  comparatively 
recent  origin  and  still  in  the  process  of  development.  Such  forms 
occur  most  frequently  in  mountainous  regions,  due  to  the  diversity  of 
habitat  conditions  found  there. 
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The  diverse  types  of  vicarious  areas  were  subjected  to  a  critical  and 
detailed  analysis  by  Vierhapper  (191 9),  and  we  shall  summarize  this 
analysis  here. 

The  chief  type  of  vicarism  may  be  called  spatial  vicarism,  and,  de- 
pending on  whether  the  vicarious  species  are  distributed  horizontally 
or  vertically,  we  may  distinguish  between  horizontal  and  vertical  vi- 
carism. The  first  is  of  more  common  occurrence  than  the  second,  since 
the  latter  naturally  may  be  found  only  in  mountainous  regions.  Spatial 
vicarism  may   occur  in  different   regions  isolated  from   or  mutually 


Fig.  7.  —  Vicarious  species  of  pine,  Pintts  Strobus  and  P. 
TKoniJco/a,  in  North  America.  (After  Victorin  :  "  montrant  la  differenci- 
ation  morphologique  due  a  I'isolement  geographique.  L'isolement  est 
ici  le  resultat  de  I'extension,  a  la  fin  du  Cretace,  d'une  mer  interieure  qui 
separe  I'Amerique  du  Nord,  dans  le  sens  de  la  longueur,  en  deux  massifs 
continentaux.  A-A',  C6nes;  B-B',  Section  des  feuilles;  C-C,  Pointes 
des  feuilles;   D-D',  ficailles  et  graines."). 


exclusive  of  one  another — regional  vicarism.  In  other  cases  vicarious 
species  may  be  found  within  one  and  the  same  region  but  under 
different  habitat  conditions — intraregional  vicarism.  Such  conditions 
include  different  kinds  of  soil  substrata,  e.g.,  volcanic  rock  and  lime- 
stone, solonchak  and  podzol  soils,  sandy  and  hardpan  soils,  shady  and 
sunny  habitats,  etc.  Among  vicarious  forms  of  this  type  there  should 
be  mentioned  the  many  so-called  colored  species  or  races,  the  color  of 
whose  flowers  changes  depending  on  local  habitat  conditions. 

Contrasted  to  this  spatial  vicarism  is  vicarism  linked  with  the  time 
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oj  development  of  the  plant.  To  this  latter  type  belong  species  charac- 
terized by  seasonal  dimorphism,  as  established  by  Wettstein.  By 
this  we  understand,  for  example,  the  finding  on  one  and  the  same 
meadow  two  closely  related  forms  differing  in  time  of  development,  one 
flowering  in  the  spring,  the  other  in  the  autumn.  Such  seasonal 
dimorphism  is  occasioned  by  a  change  in  the  initial  form,  resulting  in 
its  conversion  into  two  local  varieties  under  the  effect  of  the  economic 
use  of  the  meadow  by  man. 

All  forms  of  intraregional  vicarism,  including  seasonal  dimorphism, 
not  having  geographical  significance,  are  only  of  minor  interest  for 
historical  plant  geography. 

In  addition  to  the  various  types  of  true  vicarism,  there  is  also  a 
vicarism  that  is  only  seeming,  called  by  Vierhapper  pseudo-vicarism. 
While  in  the  case  of  true  vicarism  the  vicarious  species  arise  from  a 
common  initial  form,  becoming  differentiated  either  within  the  limits  of 
the  latter's  area  or  upon  penetration  into  new  habitat  conditions  fol- 
lowed by  isolation,  in  the  case  of  pseudo-vicarism  the  seemingly  vi- 
carious species,  although  related  to  one  another,  have  arisen  from 
different  initial  forms,  and  their  apparent  vicarism  is  occasioned  by  the 
secondary  penetration  of  a  second  species  into  the  area  of  a  first  and 
by  its  occupation  of  those  portions  of  this  area  not  occupied  by  the 
first  species  due  to  their  not  being  suited  to  its  biological  peculiarities. 
Usually  such  pseudo-vicarism  may  occur  only  in  the  case  of  the  ab- 
sence of  truly  vicarious  species.  Hence,  in  the  case  of  true  vicarism 
the  penetration  of  the  initial  form  into  a  given  region  is  the  first  step, 
followed  by  its  breaking  up  into  vicarious  races  adapted  to  different 
habitat  conditions.  In  the  case  of  pseudo-vicarism,  on  the  other  hand, 
the  origin  of  the  different  races  is  the  first  step,  after  which  comes  the 
occupation  of  separate  territories. 

Pseudo-vicarism  may  be  of  various  types,  viz.:  (i)  the  two  forms 
penetrating  a  given  region  may  be  fully  established  species  or  races; 
(2)  one  of  the  species  or  races  has  its  origin  in  the  given  region,  while 
the  other  does  not  penetrate  this  region  until  later.  As  an  illustration, 
we  may  cite  an  example  given  by  Vierhapper.  The  genus  Erigeron 
has  a  number  of  vicarious  species,  geographically  markedly  distinct. 
Among  them  there  are  two  species  in  the  Alps:  Erigeron  polymorphus, 
growing  on  calcareous  soils  and  descending  far  down  toward  the  foot 
of  the  mountains,  and  E.  uniflorus,  in  contrast  to  the  other,  avoiding 
calcareous  soils  and  closely  confined  to  the  higher  altitudinal  zones. 
The  nature  of  these  two  species  gives  apparent  grounds  for  believing 
that  they  were  derived  from  a  common  initial  form  and  became 
differentiated  as  a  result  of  adaptation  to  different,  mutually  exclusive 
habitat  conditions.  However,  a  study  of  the  entire  cycle  of  forms  to 
which  these  two  species  belong  has  shown  that  we  have  to  do  here  with 
species  which,  although  related,  are  of  different  origin.  E.  uniflorus 
arose,  presumably,  not  in  the  Alps  but  in  the  mountains  of  Asia  or  in 
the  Arctics,  whence  it  penetrated  during  the  Ice  Age  into  the  Alps 
within  the  limits  of  the  area  of  E.  polymorphus,  already  established 
there  at  the  time,  and  occupied  places  not  already  occupied  by  the 
latter  because  of  edaphic  conditions. 

Pseudo-vicarism,  consequently,  despite  its  being  seemingly  identical 
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with  true  vicarism,  is  a  phenomenon  simulating  the  latter  but  of  an 
entirely  different  nature. 

The  problem  as  to  the  origin  of  vicarious  species  and  areas  has  con- 
stituted one  of  the  most  difficult  problems  of  plant  geography,  inade- 
quately solved  until  quite  recently.  As  early,  however,  as  1869  Ker- 
NER  pointed  out  that  the  present  area  of  a  species  cannot  always  be 
regarded  as  the  Hmit  of  its  possible  distribution;  in  many  cases  its 
present  boundaries  represent  only  those  which  the  species  at  the  given 
moment  has  reached  in  its  distribution,  the  explanation  of  its  absence 
on  the  other  side  of  these  boundaries  being  simply  that  it  has  not  yet 
had  time  to  go  beyond  them.  But,  at  the  same  time,  it  is  perfectly 
clear  that  in  many  cases  habitat  conditions — climatic  and  edaphic— 


Fig.  8.  —  Area  of  distribution  of  Draba  luteola  in  the  Rocky  Mts.  (main  area),  and  of  its 
vicarious  variety,  var.  minganensis  (the  two  small  black  spots)  near  the  Gulf  of  St.  Lawrence, 
the  latter  having  arisen  as  a  result  of  isolation.    (After  Victorin). 

constitute  insuperable  obstacles  for  the  species  in  its  distribution. 
Such  conditions  may  be,  for  example:  decrease  in  the  sum  total  of 
heat  during  the  summer  months,  shortening  of  the  vegetative  period 
by  early  spring  or  fall  frosts,  summer  drought,  decrease  in  the  annual 
precipitation,  change  in  the  distribution  of  precipitation  through  the 
seasons  of  the  year,  replacement  of  some  soils  by  others  markedly 
differing  in  chemical  or  physical  properties,  etc.  In  addition,  there  is 
no  doubt  that  on  the  periphery  of  an  area,  toward  the  margins  of  the 
range  of  a  species,  the  competition  of  other  species  may  also  constitute 
a  barrier  to  further  distribution. 

These  circumstances  compel  us  to  conclude  that  the  area  of  any 
species  may  be  divided  into  two  parts.    In  one  the  species  finds  itself 
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in  optimum  conditions,  and  the  entire  cycle  of  its  development  is  each 
year  realized  without  hindrance.  In  the  other  part  of  the  area,  comprising 
chiefly  the  periphery,  the  habitat  conditions  are  only  to  a  minimum 
degree  suited  to  its  biology.  Here  the  species  may  mature  its  seeds 
only  in  favorable  years,  while  in  unfavorable  years,  if  it  finds  this  at  all 
possible,  then  only  in  especially  sheltered  spots.  This  leads  to  a  de- 
crease in  the  number  of  progeny.  Hence,  nearer  the  periphery  of  its 
area  a  species  is  represented  by  an  ever  smaller  number  of  individuals 
growing  in  ever  more  rare  and  isolated  spots,  while  nearer  the  center 
of  its  area  it  is  represented  by  an  ever  larger  number  of  individuals 
occupying  an  ever  wider  range  of  habitats. 

In  the  center  of  its  area,  where  habitat  conditions  are  most  favor- 
able for  the  existence  of  a  species,  there  is,  in  Kerner's  opinion,  very 
little  probabihty  of  the  origin  of  new  species,  since,  if  such  should 
arise  there,  they  would  be  ehminated  as  a  result  either  of  competition 
with  the  numerous  individuals  of  the  initial  species  or  of  inevitable 
hybridization  with  the  latter.  On  the  periphery  of  the  area,  on  the 
other  hand,  these  obstacles  to  the  origin  of  new  species  disappear.  The 
initial  species  no  longer  covers  the  territory  so  completely,  some  habi- 
tats being  unsuitable  or  inaccessible  to  it;  hybridization  with  it,  due 
to  the  isolation  of  its  habitats  and  to  the  decrease  in  number  of  indi- 
viduals, becomes  ever  more  rare  or  does  not  occur  at  all.  At  the  same 
time,  the  different  chmatic  conditions  at  the  boundary  of  an  area  fur- 
ther the  origin  of  aberrant  forms  even  in  species  that  are  not  ordinarily 
subject  to  great  variation.  These  circumstances  make  clear  the  rela- 
tive abundance  of  young  species  near  the  periphery  of  areas  of  old, 
initial  species. 

The  periphery  of  the  area  of  a  species  should  be  understood  to  refer 
not  only  to  its  horizontal  distribution.  Altitudinally  there  arise  analo- 
gous (to  those  just  described)  changes  in  climate  and  soil  substrata  and, 
consequently,  analogous  changes  in  habitat  conditions.  Hence,  even  in 
that  portion  of  the  area  where,  due  to  favorable  conditions,  the  species 
is  represented  by  the  greatest  number  of  individuals,  there  may  exist 
analogous  possibilities  for  the  origin  of  new  species.  In  consequence 
of  this,  the  fact  that  on  maps  there  are  often  shown  within  the  areas  of 
initial  species  tiny  areas  denoting  young  species  does  not  indicate 
intermingling,  -since  this  is  only  seemingly  so,  as  they  are  located  at 
different  elevations  above  sea  level. 

Changes  in  edaphic  conditions  presumably  led  to  the  origin  of  such 
specialized  species  as  Androsace  Hausmanni  and  Asplenium  Seelosii, 
which  grow  in  southern  Tyrol,  where  the  soil  is  predominantly  of 
dolomite  formation,  and  which  were  apparently  derived  from  Androsace 
glacialis  and  Asplenium  septentrionale,  which  are  linked  in  their  habitats 
with  slate  soils.  Similarly,  the  unique  species  Asplenium  serpentini, 
which  grows  on  serpentine  soils  in  Austria,  Moravia,  and  Bohemia, 
apparently  arose  from  Asplenium  adiantum  nigrum,  which  grows  on 
non-serpentine  soils.  The  existence  of  such  species,  now  known  as 
vicarious  but  which  Kerner  called  "parallel  forms",  testifies  to  the 
influence  of  external  factors  on  the  origin  of  species. 

Such  new  species  are  able  to  extend  their  areas  beyond  the  limits, 
set  by  climatic  and  soil  conditions,  to  the  distribution  of  the  initial 
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species.  Hence,  there  arise  species  extending  farther  north  or  higher 
up  in  the  mountains  than  the  initial  species. 

The  above-described  phenomena  do  not  take  place  in  the  case  of 
relic  species  in  which  the  capacity  for  variation  is  greatly  lowered. 
Finding  themselves  in  unfavorable  environmental  conditions,  they  cease 
to  multiply  and  gradually  die  out,  their  area  of  distribution  becoming 
more  and  more  contracted,  being  preserved  only  in  occasional,  isolated 
habitats. 

Even  earlier  than  Kerner,  Moritz  Wagner  (1868)  advanced  his 
law  of  plant  migration  (which  we  have  already  mentioned),  based  on 
similar  observations.  In  this  work,  as  well  as  in  his  later  work,  "tJber 
den  Einfluss  der  geographischen  Isolierung  und  Kolonienbildung  auf  die 
morphologischen  Veranderungen  der  Organismen"  (1870),  Wagner 
developed  the  idea  that  hybridization,  inevitable  among  individuals 
growing  together  in  a  habitat,  results  in  the  smoothing  over  of  any 
deviations  arising  as  a  result  of  the  variability  of  organisms.  An  indi- 
vidual plant  with  hermaphrodite  flowers  (or  a  pair  of  plants  having 
diclinous  fiowers),  happening  to  penetrate  into  a  locahty  isolated  from 
the  region  of  mass  distribution  of  representatives  of  the  same  species, 
undergoes,  as  a  result  of  external  factors,  changes  that  are  preserved 
due  to  isolation.  This  isolation  may  be  expressed  not  only  in  great 
distances  or  the  transfer  of  occasional  individuals  over  obstacles  of 
various  kinds — mountains,  seas,  rivers — hindering  the  distribution  of 
the  initial  species;  it  may  be  any  spatial  isolation,  regardless  of  extent, 
provided  it  makes  possible  the  preservation  of  changes  induced  by 
habitat  conditions — a  circumstance  that  Kerner  did  not  take  into 
account. 

Since  Kerner's  and  Wagner's  time,  particularly  during  the  past 
forty  years,  the  external  morphology  of  plants  has  ceased  to  be  the 
only  criterion  for  determining  their  taxonomic  position.  Geographical 
distribution  has  acquired  significance  as  one  of  the  chief  criteria  for 
establishing  the  existence  of  a  taxonomic  unit  of  the  rank  of  a  species 
or  subspecies.  Hence,  it  must  be  recognized  that  geographical  factors 
exert  an  influence  not  only  on  the  distribution  but  also  on  the  origin 
of  a  species. 

As  a  result  of  the  adoption  of  the  geographico-morphological  method 
in  studies  of  genera  and  species,  a  method  that  was  given  a  firm  basis 
by  the  works  of  Wettstein  (1898)  and  Komarov  (1901),  many  data 
have  been  accumulated  and  critically  evaluated  which  leave  no  doubt 
that  the  origin  of  vicarious  species  is  linked  with  the  effect  of  environ- 
mental factors  encountered  during  the  course  of  the  dispersal  of  these 
species.  This  has  been  confirmed  by  the  mutation  theory,  according  to 
which  mutations  manifest  themselves  not  only  in  changes  in  major 
characters  but  also  in  numerous  minor  changes. 

In  1927  MuLLER  induced  mutations  in  Drosophila  by  X-ray  treat- 
ment and  thus  demonstrated  that  such  changes  may  arise  not  only  as  a 
result  of  internal  causes  but  also  as  a  result  of  external  conditions. 
This  controverted  the  view,  formerly  held  to  be  incontrovertible,  that 
the  role  of  the  environment  in  the  formation  of  new  hereditary  charac- 
ters is  not  of  a  creative  nature,  that  the  environment  cannot  directly 
induce  the  appearance  of  new  characters  in  plants  and  animals.    These 
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experiments  have  been  repeated  by  many  investigators,  not  only  with 
animals  but  also  with  plants,  and  it  has  been  definitely  established 
that  mutations  may  arise  as  a  result  of  external  factors  not  only  under 
artificial  conditions  but  also  in  nature. 

The  origin  of  new  characters  by  mutation,  Hnked  with  changes  in 
the  germ-cells,  may  be  accompanied  either  by  changes  in  separate 
hereditary  factors,  gene  mutations,  or  by  a  change  in  chromosome 
number,  a  chromosome  change.  As  regards  the  occurrence  of  gene 
mutations  as  a  result  of  external  influences,  we  know  as  yet  only  cases 
where  they  were  artificially  induced  under  experimental  conditions. 
In  contrast  to  this,  the  ever-increasing  number  of  established  cases  of 
chromosome  changes  include  some  where  they  undoubtedly  occurred 
in  nature  as  a  result  of  environmental  conditions. 

From  an  evolutionary  point  of  view  of  particular  interest  is  the 
fact  that  an  increase  in  chromosome  number  may  be  accompanied  by 
heritable  morphological  changes,  thus  providing  a  basis  for  giving  such 
polyploid  forms  specific  rank. 

Polyploidy  may  arise  as  a  result  of  an  increase  in  the  chromosome 
number  following  hybridization,  allopolyploidy  (which  for  problems  of 
plant  geography  are  of  less  interest),  or  as  a  result  of  a  simple  doubling 
of  the  plant's  own  chromosome  set,  autopolyploidy.  The  occurrence  of 
autopolyploidy  as  a  result  of  the  effect  of  external  factors  is  now  es- 
tablished beyond  any  doubt.  It  has  been  induced  experimentally  by 
treating  the  vegetative  tissues  or  germ-cells  with  various  agencies 
(temperature.  X-rays,  colchicine,  etc.).  It  may  also  be  considered 
proved  that  the  phenomenon  of  polyploidy,  including  autopolyploidy, 
is  of  common  occurrence  in  nature,  constituting  an  important  factor  in 
species-formation. 

A  study  of  autopolyploid  species  and  forms  has  shown  that  in 
many  cases  they  have  very  definite  geographical  areas  differing  from 
the  areas  of  the  initial  diploid  species.  Moreover,  these  areas  are  con- 
centrated, for  the  most  part,  in  mountainous  regions  in  the  higher 
altitudinal  zones  or  in  far  northern  or  equatorial  latitudes,  or  in  other 
localities  where  conditions  are  unusual  for  the  given  plant.  This  cir- 
cumstance indicates  that  extreme  climatic  or  other  habitat  conditions 
induce  doubling  of  the  chromosome  number  presumably  as  a  result  of 
irregularities  at  meiosis.  Chromosome  doubling  is  linked  with  the 
origin  of  a  new  mutant  form  differing  from  the  initial  species  in  a 
number  of  characters,  which  accounts  for  its  adaptability  to  Hfe  under 
the  indicated  extreme  habitat  conditions.  These  conclusions  are  of 
prime  importance  for  plant  geography,  since  they  reveal  one  mode  of 
origin  of  vicarious  species. 

Chromosome  doubling  within  the  limits  of  a  species  usually  occurs 
not  throughout  the  whole  extent  of  the  latter's  area  but  only  in  a 
portion  of  it.  The  new  polyploid  forms  differ  not  only  cytologically  but 
always,  to  a  greater  or  less  degree,  in  their  morphological  structure. 
This  morphological  difference  may  be  expressed  both  in  qualitative  and 
quantitative  or  only  in  quantitative  changes.  The  taxonomic  signifi- 
cance of  these  morphological  races  is  rated  variously  by  different 
investigators.  Some  consider  that  these  changes  are  only  of  an  intra- 
specific  nature;   others  regard  them  as  adequate  basis  for  ranking  the 
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new  forms  as  independent  species.  In  a  number  of  cases  such  new 
forms  were  given  specific  rank  on  the  sole  grounds  of  a  morphological 
study  and  the  estabUshment  of  the  existence  of  independent  areas,  and 
it  was  only  later  ascertained  that  these  new  species  were  polyploid 
forms.  In  other  cases  the  establishment  of  the  polyploidy  of  forms 
morphologically  differing  but  slightly  from  the  type  has  explained  much 
that  was  incomprehensible  in  their  geographical  distribution. 

Chromosome  doubUng  is  accompanied  not  only  by  changes  in 
morphological  structure  but  also  by  changes  in  the  biological  properties 
of  a  plant,  which  likewise  play  an  important  role  in  determining  the 
geographical  distribution  of  these  new  species  and  forms.  The  distri- 
bution of  plants,  the  fact  that  they  have  clearly  defined  areas,  is 
determined  by  ecological  factors  now  existent  or  prevaiUng  during 
earlier  periods  in  the  history  of  the  given  species.  Only  a  few  species 
of  plants  possess  such  a  wide  range  of  adaptability  to  extreme  ecological 
conditions  as  to  enable  them  to  become  distributed  over  practically  the 
entire  globe  and  as  to  serve  as  grounds — although  not  without  strain- 
ing the  point  somewhat,  as  we  have  seen — to  call  them  cosmopolitan. 
Other  species  possess  a  narrower  ecological  adaptability,  which  results 
in  their  areas  of  distribution  being  more  localized.  In  the  latter  case 
it  is  clear  that,  if  for  one  or  another  reason  changes  occur  in  the 
biological  properties  of  a  species,  its  dependence  on  ecological  factors 
is  likewise  changed,  and  this  causes  changes  in  its  area  of  distribution, 
which  may  now  extend  beyond  those  boundaries  which  set  a  limit  to 
the  spread  of  the  initial  species.  The  occurrence  of  polyploid  races  is 
usually  accompanied  by  such  phenomena,  involving  changes  in  geo- 
graphical distribution. 

The  significance  of  these  changes  for  the  geographical  distribution 
of  plants  is  quite  apparent.  This  is  shown  by  the  considerably  greater 
ability  of  the  new  form  to  tolerate  habitat  conditions  unusual  for  the 
initial  form,  such  as  low  or  high  temperature,  inadequate  moisture, 
specific  soil  conditions,  etc.  Or,  to  put  this  in  sequence  of  time:  such 
conditions  are  the  cause  of  the  origin  by  mutation  of  a  polyploid  form 
adapted  to  the  given  extreme  habitat  conditions;  here  there  arises  the 
center  of  a  new  area,  from  which  proceeds  the  dispersal  of  the  new  form 
over  a  territory  frequently  adjoining  the  area  of  the  initial  species  but, 
due  to  its  different  ecological  conditions,  inaccessible  to  the  latter. 

Nevertheless,  it  would  be  erroneous  to  consider  that  only  floras  of 
regions  characterized  by  extremes  as  regards  ecological  conditions  em- 
brace polyploid  species  and  forms.  There  is  no  doubt  that  micro- 
climatic conditions,  micro-relief,  and  local  edaphic  conditions  may  also 
cause  such  mutant  forms  to  appear.  A  study  of  the  floras  of  the  globe 
from  this  point  of  view  should  supply  an  answer  to  these  questions. 
Work  in  this  direction  has  only  just  begun,  but,  nevertheless,  in  the 
case  of  a  number  of  species,  there  have  already  been  published  data-  of 
great  interest  for  botanical  geography. 

If  we  take,  for  instance,  the  genus  Alopecurus,  comprising  a  poly- 
ploid series  of  species  with  chromosome  numbers  ranging  from  14  to 
108,  we  find  that  the  alpine  and  arctic  species  have  the  largest  chromo- 
some numbers,  which  indicates  that  new  polyploid  species  arose  during 
the  dispersal  of  this  genus  into  mountainous  and  arctic  regions  (Strel- 
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KOVA,  1938).  The  same  holds  true  for  the  genus  Agrostis,  which  has  a 
polyploid  series  of  species  with  chromosome  numbers  ranging  from  14 
to  56  (SoKOLOVSKAYA,  1 93 7).  Or,  if  we  take  Biscutella  laevigata,  it  has 
been  shown  that  the  subspecies  that  were  established  as  initial  on  the 
basis  of  morphological  data  have  a  diploid  chromosome  number  (i8), 
while  the  derived  species  have  a  tetraploid  chromosome  number  (36). 
The  former  occupy  three  distinct  areas,  situated,  respectively,  in  the 
Rhine,  Elba,  and  Danube  Basins,  while  the  tetraploid  forms  have  a 
continuous  area  in  the  mountainous  regions  of  southern  Europe.  The 
territory  occupied  by  the  latter  area  was  covered  with  glaciers  during 
the  Wiirm  period  of  glaciation,  which  indicates  that  the  tetraploid 
forms  arose  in  the  post-glacial  period  as  a  result  of  the  dispersal  of  the 
initial  forms  into  mountainous  regions  after  the  recession  of  the  glaciers. 
The  diploid  forms,  which  have  been  preserved  outside  the  territory  of 
maximum  glaciation,  are  preglacial  or  interglacial  relics  (Manton, 
1934)- 

Both  taxonomic  and  cytological  data  lead  to  the  conclusion  that  the 
initial  species  of  the  section  Agrestis  of  the  genus  Veronica  are  V. 
filiformis  and  V.  polita,  with  7  as  their  haploid  chromosome  number. 
Since  the  former  species  never  left  the  confines  of  their  initial  habitat 
in  the  Caucasus,  it  may  be  presumed  that  the  tetraploid  species,  V. 
agrestis  and  V.  opaca,  with  n  =  14,  arose  from  V.  polita  after  the 
latter's  dispersal  into  northern  Europe  (Beatus,  1936). 

In  the  preceding  examples  the  tetraploid  species  arose  as  a  result 
of  an  extension  of  area  of  the  initial  species  into  colder  regions.  As 
an  example  of  the  reverse,  i.e.,  of  the  effect  of  high  temperature,  we 
may  take  the  genus  Eragrostis,  which  in  the  southern  part  of  the 
Sahara  Desert  has  an  annual  diploid  species,  E.  cambessediana  (n  =  10), 
growing  on  humid,  silt  soils  along  the  shores  of  small  lakes,  where  the 
soil  temperature  amounts  to  not  over  40°  C.  Near  these  same  lakes, 
but  outside  the  zone  of  inundation,  there  grows  a  species  closely  re- 
sembling E.  cambessediana  but  perennial  and  tetraploid,  E.  albida 
(n  =  20).  Lastly,  still  further  from  the  lakes  on  sand  dunes,  where  the 
aridity  of  the  soil  and  air  attains  its  maximum  and  the  soil  tempera- 
ture reaches  as  high  as  80°  C,  E.  albida  also  disappears,  being  replaced 
by  a  hexaploid  (n  =  40)  species,  E.  pallescens  (Hagerup,  1931). 

We  wish,  therefore,  again  to  stress  the  fact  that  the  utilization  of 
cytological  data  for  an  understanding  of  the  geographical  distribution 
of  plants,  particularly  for  an  elucidation  of  vicarious  species  and  their 
areas,  should  constitute  one  of  the  important  methods  of  historical 
plant  geography.  (For  a  more  detailed  discussion  of  this  question  see 
Wulff,  1937).  However,  this  should  not  be  understood  in  the  sense 
that  the  origin  of  vicarious  species  is  always  connected  with  poly- 
ploidy. If  we  have  discussed  polyploidy  in  more  detail,  it  has  been 
only  because  the  other  modes  of  origin  of  vicarious  species  are  either 
unknown  or  not  yet  well  elucidated.  In  this  connection  the  following 
words  of  Darwin  are  still  apropos:  "No  one  ought  to  feel  surprise  at 
much  remaining  as  yet  unexplained  on  the  origin  of  species,  if  we  make 
due  allowance  for  our  profound  ignorance  on  the  mutal  relations  of  the 
inhabitants  of  the  world  at  the  present  time,  and  still  more  so  during 
past  ages"  {Origin  of  Species,  6th  ed.,  1911,  p.  156). 
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There  is  no  doubt  that  vicarious  species  may  arise  not  only  as  a 
result  of  autopolyploidy  but  also  from  various  other  causes.     Thus 
they  may  arise  as  a  result  of  hybridization,  likewise  frequently  accom- 
panied by  an  increase  in  chromosome  number  (allopolyploidy),  in  which 
case  the  hybrids  very  often  have  areas  that  are  not  identical  to  the 
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Fig    9  —  Distribution  of  diploid  and  tetraploid  forms  of  Biscutdla  laevi- 
gata.   (After  Manton). 

areas  of  the  initial  species,  sometimes  not  coinciding  in  any  part  (see 
CUSTAFSSON,  193s).  Lastly,  vicarious  species  may  arise  as  a  conse- 
quence of  the  differentiation  of  an  initial  form  at  one  time  widely  dis- 
tributed. Owing  to  changes  in  climatic  and  other  habitat  conditions 
in  ditterent  parts  of  an  originally  continuous  area,  the  initial  form 
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breaks  up  into  a  number  of  vicarious  species,  the  origin  of  which  may 
not  be  mutational,  since  during  the  process  of  natural  selection  inter- 
mediate stages  may  die  out. 

As  the  result  of  the  breaking  up  of  an  initial  type  into  a  number 
of  vicarious  species,  a  geographical  series  of  species  is  formed.  In 
studying  the  area  of  any  of  these  vicarious  species  for  the  purpose  of 
understanding  its  origin,  it  is,  therefore,  necessary  to  investigate  not 
only  this  area  but  also  the  areas  of  all  the  other  species  forming 
the  series.  As  an  example  of  such  a  geographical  series  let  us  take 
the  series  Frutescens  in  the  genus  Caragana,  as  given  in  Komarov's 
monograph  (1908).  The  area  of  this  series  of  species  embraces  all  of 
China  (except  its  tropical  part),  eastern  and  northern  Tibet,  Chinese 
and  Soviet  Turkestan,  the  western  foothills  of  the  Altais,  West  Siberia, 
and  the  southern  and  central  part  of  European  U.S.S.R.  Within  the 
limits  of  this  area  there  is  a  series  of  vicarious  species  distinguished 
from  one  another  both  morphologically  and  ecologically:  Caragana 
chamlagu,  which  grows  in  China  proper,  is  replaced,  as  it  approaches 
MongoHa,  by  the  more  xerophytic  forms,  C.  rosea,  C.  Leveillei,  and  C. 
opulens.  In  Chinese  Turkestan  these  are  replaced  by  others  still  more 
xerophytic — the  desert  species,  C.  polourensis  and  C.  turfanensis. 
In  the  region  between  Issyk-Kul  and  Zaisan  there  is  a  secondary  center 
of  species-formation,  from  which  extend  radially  the  areas  of  C.  lacta 
and  C.  Camilli  Schneideri,  which  have  not  spread  beyond  the  boun- 
daries of  this  region,  and  those  of  C.  frutex  and  C.  grandiflora,  which 
have  spread  far  to  the  west. 

Relic  Areas:  —  The  relic  concept  in  botanical  geography  may  be 
formulated  as  follows:  A  relic  species  is  a  remnant  of  a  more  or  less 
ancient  flora  having  a  relic  area  occupied  by  it  at  the  moment  of  its 
entrance  into  the  composition  of  a  given  present-day  flora,  from  which 
moment  the  age  of  the  relic  is  measured.  A  relic  area  is  usually  iso- 
lated and  often  contracting  and  discontinuous,  constituting  a  remnant 
of  a  once-extensive  area.  These  characteristics,  however,  are  not  al- 
ways obligatory.  A  relic  species — being,  as  Darwin  so  aptly  put  it,  a 
"living  fossil" — is  the  embodiment  of  the  historical  development  of  a 
flora. 

The  difficult -problem  as  to  whether  a  certain  species  is  a  relic  and 
to  what  period  of  time  it  should  be  referred  may  be  solved  by  a  study 
of  the  fossil  remains  of  the  given  species  and  by  a  determination  of  the 
age  of  the  deposits  in  which  they  were  found,  and,  if  such  are  not  avail- 
able, by  indirect  botanico-geographical  methods.  The  latter  should  in- 
clude a  study  of  the  areas  of  this  relic  species  and  of  closely  related 
species,  not  only  within  the  Hmits  of  the  given  flora  but  throughout 
their  entire  extent,  and  also  a  general  geographical  analysis  of  the  ele- 
ments of  the  flora  under  study,  which  will  elucidate  the  historical 
stages  of  development  of  this  flora  and  the  date  of  entrance  into  its 
composition  of  these  or  those  elements. 

In  order,  however,  to  elaborate  a  concept  of  relic  species  that  will 
be  generally  accepted,  it  is  necessary  to  come  to  an  agreement  regard- 
ing certain  disputed  points  in  their  interpretation.  These  disputed 
points  are  as  follows: 
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The  term  "relic"  is  commonly  used  in  two  different  senses:  taxo- 
nomic  and  botanico-geographical.  In  the  former  it  refers  to  taxo- 
nomically  isolated  species  belonging  to  ancient  genera.  Such  species 
may  also  be  geographically  isolated,  i.e.,  they  may  have  a  relic  area, 
but  they  may  also  be  widely  distributed  at  the  present  time  and,  con- 
sequently, not  be  relic  in  a  geographical  sense.  A  classical  example  of  a 
taxonomically  isolated  species  having  a  relic  area  is  the  maidenhair 
tree,  Gingko  biloba,  while  as  an  example  of  an  ancient,  taxonomically 
isolated  species  having  at  the  present  time  an  extensive  area  that  is 
not  relic  we  may  take  Loiseleuria  procumbens.  The  latter  is  the  sole 
species  in  the  genus  Loiseleuria;  nevertheless,  it  has  an  arctic-alpine, 
for  the  most  part  post-glacial  area.  The  use  of  the  term  "rehc"  in  a 
botanico-geographical  sense,  on  the  other  hand,  always  takes  for 
granted  a  relic  area,  and  consequently  a  relic  species  in  this  sense  is 
always  a  remnant  of  an  ancient  flora,  whether  or  not  the  genus  to 
which  it  belongs  is  taxonomically  isolated  or  not.  Only  in  the  latter, 
i.e.,  geographical,  sense  should  the  term  "rehc"  be  employed,  and  then 
there  would  at  once  be  eliminated  various  confusions  resulting  from 
its  use.  For  remnants  of  ancient  genera  we  might  adopt  the  term  pro- 
posed by  ScHROTER  (1934) — "Restanz".  The  establishment  of  the 
taxonomic  antiquity  of  a  species  facilitates,  of  course,  the  estabhshment 
of  its  relic  nature. 

Differences  of  opinion  as  to  the  meaning  of  relic  areas  likewise  arise 
from  a  different  evaluation  of  the  age  of  a  relic.  Here,  also,  the  age 
of  a  relic  should  be  understood  not  in  a  taxonomic  but  in  a  geographical 
sense.  That  is,  in  establishing  the  age  of  a  relic  species  one  should 
measure  not  from  the  date  of  its  origin  but  from  the  date  when  it  be- 
came part  of  the  flora  under  study.  Thus,  if  a  species  has  formed 
part  of  a  given  flora  since  the  Tertiary  period,  it  will  be  a  tertiary  relic; 
if,  however,  it  became  part  of  this  flora  only  during  the  Ice  Age,  it 
should  be  considered  an  Ice  Age  relic,  irrespective  of  the  fact  that  the 
species  itself  arose  in  the  Tertiary  period  in  another  flora  not  under 
study.  Consequently,  the  time  a  relic  species  has  occupied  its  present 
habitat  is  the  main  criterion  for  establishing  its  age. 

The  date  of  the  entrance  of  a  species  into  the  composition  of  any 
given  flora  may  be  determined  only  approximately,  except  when  paleo- 
botanic  data  provide  definite  proof  of  the  existence  of  a  species  on  a 
given  territory  uninterruptedly  from  the  moment  of  the  conversion  of 
its  remnants  into  a  fossil  state  up  to  the  present  day.  Stoller  (192 i) 
maintains  that  only  after  such  paleobotanic  proofs  of  the  uninter- 
rupted habitation  of  a  species  may  its  relic  character  be  accepted. 
Theoretically  this  is  correct,  but  in  practice  it  is  rarely  adhered  to, 
since  such  proofs  are  possible  only  for  an  insignificant  number  of 
species.  Consequently,  it  is  necessary  to  resort  to  botanico-geographi- 
cal methods  and  with  their  aid  to  draw  conclusions  as  to  the  relic 
nature  of  a  species. 

If  by  the  term  "relic"  we  understand  a  remnant  of  a  former  flora, 
this  does  not  mean  that  a  relic  species  must  necessarily  occupy  an 
area  more  limited  at  the  present  time  than  originally.  The  area  of  a 
relic  may  be  comprised  of  a  remnant  or  remnants  of  an  extensive  area 
no  longer  in  existence,  or,  on  the  other  hand,  it  may  consist  of  an 
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isolated,  relic  part  of  an  extensive  area,  which  itself  may  not  be  relic  in 
character.  In  the  latter  case  a  species  occupying  the  said  area  will  be 
relic  only  in  that  part  of  its  area  which  bears  a  relic  character. 

The  main,  non-rehc  part  of  an  area  may:  (i)  occupy  its  original 
territory,  in  which  case  the  parts  separated  from  it  must  at  one  time 
have  constituted  the  periphery  of  the  ancient  area  and  have  become 
isolated  from  the  main  part  of  the  area  due  to  changes  in  habitat  con- 
ditions occurring  within  the  Hmits  of  this  peripheral  region;  or  (2)  be 
the  result  of  a  secondary  dispersal  of  the  species.  In  the  first  case  the 
relic  portions  of  the  area  constitute  the  remnants  of  a  once-continuous 
but  now  greatly  disrupted  area.  As  an  example  of  the  second  case  we 
may  take  the  common  pine,  Pinus  silvestris,  which  in  mountains  has 
relic,  detached  portions  of  its  area,  while  its  extensive  area  on  sandy 
soils  is  the  result  of  a  secondary  dispersal. 

It  is  usually  considered  that  a  relic  area  must  be  in  a  state  of 
constant  contraction,  since  a  relic  species  is  in  disharmony  with  its 
present  habitat  conditions.  Such  a  view  of  a  reUc  area  holds  true  only 
for  certain  rehcs  and  cannot  be  taken  as  a  general  rule  for  all.  It 
holds  good,  for  instance,  in  the  case  of  Cyclamen  count,  preserved  only 
in  one  locaHty  in  the  northern  part  of  mountainous  Crimea,  where  it 
finds  itself  in  disharmony  with  existing  climatic  conditions,  since  it 
begins  to  flower  only  in  November,  when  the  Crimean  winter  is  al- 
ready well  under  way.  Each  year  its  flowers  are  destroyed  by  frost, 
and,  consequently,  its  preservation  in  the  Crimean  flora  to  the  present 
day  is  explicable  only  on  the  basis  of  vegetative  propagation. 

But  there  are  many  relic  species  which,  as  regards  their  biological 
peculiarities,  have  attained  such  a  degree  of  adaptation  to  their  present 
habitat  conditions  that  their  area  is  not  now  in  the  process  of  con- 
traction and  they  are  not  becoming  extinct.  It  is  true  that  in  most 
cases,  if  we  regard  the  area  of  such  a  species  not  only  in  relation  to 
that  flora  to  which  it  now  belongs  but  also  in  relation  to  its  entire 
former  area  of  distribution  estabHshed  on  the  basis  of  paleobotanic 
data,  there  can  be  no  doubt  that  curtailment  has  occurred  and  also 
that  the  species  has  died  out  over  all  its  former  area  with  the  excep- 
tion of  that  part  where  it  has  been  preserved  and  where,  consequently, 
there  did  not  take  place  changes  in  climatic  or  other  habitat  conditions 
in  disharmony  with  the  biological  nature  of  the  given  species.  For 
instance,  the  box  tree,  Buxus  sempervirens,  undoubtedly  a  Tertiary 
relic,  has  a  much  disrupted  area,  the  various  parts  of  which  are  char- 
acterized by  dissimilar  cHmatic  and  edaphic  conditions.  Nevertheless, 
this  species  grows  in  all  parts  of  its  area,  which  is  not  now  in  process 
of  contraction ;  moreover,  it  does  not  occur  isolated  but  as  a  co-member 
of  a  characteristic  phytocoenosis,  having  become  adapted  to  the  specific 
habitat  conditions  in  each  separate  part  of  its  area  (Christ,  1913). 

However,  the  fact  that  the  area  of  a  relic  species  is  not  contracting 
is  not  always  occasioned  by  its  adaptation  to  new  habitat  conditions 
but  may  be  due  to  the  climatic  conditions  in  the  given  area  not  having 
changed.  Similarly,  the  isolation  of  an  area  may  be  the  result  of 
purely  geomorphological  causes  or  of  changed  climatic  conditions  in 
regions  surrounding  the  given  territory,  while  within  the  latter  con- 
ditions have  preserved  their  main  features,  if  not  completely,  in  con- 
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siderable  measure  (e.g.,  western  Transcaucasia,  as  compared  with  other 
parts  of  the  Caucasus  adjacent  thereto). 

In  many  cases  relic  species  do  not  extend  beyond  their  limited 
habitats,  since  outside  the  boundaries  they  do  not  find  favorable  condi- 
tions for  growth.  For  example,  the  relic  species,  Wulfenia  carinihiaca, 
growing  in  isolated  locahties  in  the  Carinthian  Alps  and  on  the  Balkan 
Peninsula,  does  not  extend  beyond  these  localities.  However,  within 
the  latter  it  is  represented  by  millions  of  individuals,  and  it  can  by  no 
means  be  considered  a  plant  that  is  becoming  extinct.  It  has  been 
estabhshed  that  the  confinement  of  this  species  to  limited  areas  is  due 
to  its  need  of  a  humid  climate  {see  Gilli,  1934,  and  literature  cited  by 
him). 

Lastly,  a  relic  species,  which  has  inhabited  a  certain  region  un- 
interruptedly for  a  prolonged  period,  may  have  contracted  and  later 
again  expanded  its  area,  depending  on  climatic  changes  during  geo- 
logical ages.  Thus,  a  Tertiary  relic,  inhabiting  a  certain  territory  from 
the  Tertiary  period  to  the  present  day,  may  have  curtailed  and  again 
expanded  its  area  corresponding  to  the  great  changes  in  climate — from 
Tertiary  to  glacial,  from  glacial  to  inter-  and  post-glacial — provided,  of 
course,  that  this  territory  was  located  in  that  part  of  the  globe  where 
these  changes  affected  habitat  conditions. 

The  isolation  of  the  stations  of  a  species  and  the  resultant  discon- 
tinuity of  its  area  are  often  regarded  as  definitely  distinguishing  the 
species  as  a  rehc.  In  many  cases  this  holds  true,  but  it  is  not  an  in- 
variable rule,  as  a  relic  species  may  not  have  a  discontinuous  area  and 
not  every  discontinuous  area  is  relic,  since  the  existence  of  isolated 
portions  of  an  area  may  be  due  to  biological  and  not  historical  causes. 

A  relic  species  may  have  an  extensive  area  of  distribution,  embrac- 
ing several  natural  regions  of  vegetation,  or  its  area  may  be  restricted 
to  some  one  region,  in  which  case  the  species  may  be  regarded  as  an 
endemic  rehc.  In  case  a  species  occupies  an  area  relic  throughout  its 
entire  extent,  it  may  be  called  an  absolute  relic;  if,  however,  only  an 
isolated  part  of  the  area  of  a  species  is  relic,  the  species  is  known  as  a 
local  relic. 

Not  only  separate  species  (single  relics)  or  groups  of  species  (relic 
groups  or  colonies)  may  be  relic,  but  also  entire  floras.  All  the  phyto- 
coenoses  composing  the  vegetation  of  a  given  region  may  be  relic;  on 
the  other  hand,  there  are  relic  phytocoenoses  (associations,  formations) 
belonging  to  floras  that  are  not  relic.  Consequently,  it  is  necessary  to 
distinguish  between  relic  floras  (Refugialfloren  or  Primarfloren — 
SCHWARZ,  1938),  most  of  the  species  composing  which  are  relic,  and 
floras  destroyed  as  a  result  of  climatic  changes  and  restored  due  to  the 
mass  migration  of  species  from  surrounding  floras — migration  floras 
(Invasionsfloren — Schwarz,   1938). 

A  center  of  concentration  of  relic  species  is  known  as  a  relic  center, 
which  in  some  cases  may  coincide  with  the  ancient  center  of  develop- 
ment of  the  flora  to  which  the  given  species  belong. 

If  relic  species  find  it  possible  to  achieve  a  secondary  distribution 
by  the  gradual  occupation  of  habitats  ecologically  suited  to  them,  such 
species  may  be  called  migrant  relics  (Wanderrelikte — Schroter,  1934). 
In  such  case,  the  more  recently  adopted  habitats  should  be  regarded, 
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as  first  proposed  by  Scandinavian  botanists,  as  pseudo-relic  and  the 
species  themselves,  in  relation  to  the  floras  into  which  they  have  pene- 
trated, as  pseudo-relics.  However,  in  their  initial  habitats  these  species 
remain  true  relics.  Thus,  V.  I.  Krechetovich  (1938)  cites  a  number 
of  species  of  the  genus  Carex  having  discontinuous  areas,  one  part 
lying  in  northern  latitudes  and  the  other  in  the  south  in  the  mountains 
of  the  Caucasus  and  Central  Asia.  These  species,  in  their  southern 
habitats,  he  regards  as  pseudo-relics  that  became  isolated  on  secondary 
post-glacial  territories  as  a  result  of  migration  beyond  the  limits  of  the 
glaciers.  This,  however,  is  not  the  only  meaning  of  a  pseudo-relic; 
this  term  may  also  be  applied  in  those  cases  when  a  present-day  species 
acquires  the  apparent  character  of  a  relic. 

Relic  species  under  modern  conditions  are  usually  characterized  by 
conservatism,  by  adaptation  only  to  specific  habitat  conditions,  in  con- 
sequence of  which  they  do  not  ordinarily  expand  their  area  or,  if  so, 
only  to  an  inconsiderable  extent. 

A  relic  species,  in  case  it  finds  itself  in  disharmony  with  present- 
day  habitat  conditions  and  occupies  a  contracting  area,  loses  its  ca- 
pacity for  variation  and  adaptation,  and,  hence,  is  in  the  process  of 
becoming  extinct.  But,  if  it  should  chance  upon  favorable  conditions, 
it  may  be  restored  to  its  normal  state  and  give  rise  to  new,  poly- 
morphic forms.  Consequently,  a  relic  species  of  economic  value,  upon 
being  introduced  by  man  into  cultivation  and  transferred  into  an  area 
potentially  favorable,  may  become  an  economically  valuable  crop 
plant. 

True  relics,  which  have  acquired  their  relic  character  as  a  result  of 
natural  causes,  should  not  be  confused  with  species  that  are  becoming 
extinct  due  to  the  activities  of  man.  Such  species  preserved  from 
man's  destruction  are  not  true  relics  (unless,  of  course,  they  were  relic 
prior  to  man's  destructive  activities);  they  may  be  called  anthropogenic 
relics  (cultivated  relics,  according  to  Thellung).  Examples  of  such  relics 
are  the  wild  einkorn,  Triticum  spontanum  Flaksb.,  and  the  wild  emmer, 
T.  dicoccoides.  Ancient  cultivated  species,  whose  sown  area,  due  to 
their  low  economic  value,  has  been  reduced  to  a  minimum  and  which 
have  been  preserved  only  in  a  few  localities,  such  as  cultivated  einkorn 
and  emmer  {T.  monococcum  and  T.  dicoccum),  gourds  {Lagenaria  vul- 
garis), and  others,  may  be  called  cultivated  relics. 

The  chief  factors  in  the  origin  of  a  relic  area  are,  thus,  changes 
occurring  naturally,  without  the  interference  of  man,  in  the  habitat 
conditions  within  this  area.  On  the  basis  of  the  fact  that  such  changes 
may  occur  as  a  result  of  various  causes,  Schroter  (1934)  distinguishes 
three  types  of  relics.  The  first  he  calls  formation  relics;  these  occupy 
limited  areas  within  the  boundaries  of  formations  that  have  undergone 
considerable  changes  in  their  composition.  For  instance,  the  birch  and 
Juniperus  foetidissima  within  the  limits  of  the  beech  district  of  the 
Crimea  are  both  formation  relics,  but  they  differ  in  age,  the  juniper 
undoubtedly  being  a  remnant  of  a  formation  occupying  this  territory 
during  the  Tertiary  period,  while  the  birch  entered  into  the  composition 
of  the  vegetation  which  replaced  the  Tertiary  flora  during  the  Ice  Age. 
At  the  present  time  the  birch  grows  in  the  Crimea  only  on  a  greatly 
restricted  area  to  the  number  of  a  few  hundred  trees,  whereas  in  former 
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times  it  had  a  much  wider  distribution  there.  The  latter  fact  has  been 
definitely  established  by  the  finding,  far  to  the  north  of  the  present  dis- 
tribution of  the  birch  in  the  Crimea,  of  fossil  remains  of  birch  charcoal 
from  the  bonfires  of  prehistoric  man.  The  birch  was  crowded  out  by 
the  beech  in  the  post-glacial  period  (Wulff,  1931). 

The  second  type  are  the  geomorphological  relics,  to  which  belong 
plants  which  are  connected  in  their  habitat  with  definite  ecological  con- 
ditions but  which,  due  to  geological  and  other  historical  causes,  do  not 
find  themselves  provided  with  the  conditions  of  growth  to  which  they 
are  accustomed,  e.g.,  marine  plants  in  fresh-water  lakes,  shore  plants 
along  the  edges  of  former  gulfs  that  are  now  dried  up,  species  which 
have  become  isolated  on  islands  formerly  forming  part  of  the  mainland, 
etc.  A  very  characteristic  example  of  a  geomorphological  relic  area  is 
that  of  Pinus  eldarica.  This  pine  belongs  to  the  group  of  Mediterra- 
nean species  to  which  also  belong  P.  halepensis  and  P.  brutia,  species 
characteristic  of  the  Mediterranean  region,  and  P.  pityusa,  growing  in 
Asia  Minor,  the  Caucasus,  and  the  Crimea  (ssp.  Stankevici),  to  which 
last-mentioned  P.  eldarica  is  very  close.  These  two  species  are,  in  turn, 
undoubtedly  closely  connected  with  the  Tertiary  pine,  P.  sarmalica, 
fossil  remains  of  which  have  been  found  in  Sarmatian  deposits  on  the 
Kerch  Peninsula.  All  these  species  grow  for  the  most  part  along  the 
seashore,  with  the  exception  of  P.  eldarica,  which  has  a  very  limited 
area  on  slopes  along  the  edge  of  the  Eldar  steppe  in  Transcaucasia. 
This  steppe  undoubtedly  occupies  the  bed  of  a  former  sea,  and  the 
Eldar  pines  mark  a  shore  line  existing  in  an  earher  geological  epoch 
(SosNOVSKY,  1928). 

As  another  example  of  geomorphological  relic  areas  we  may  take  the 
isolated,  islet-like  habitats  of  Quercus  Ilex  on  the  southern  slopes  of  the 
Alps  near  Lago  di  Garda,  Trient,  and  Gemona,  reaching  to  an  altitude 
of  550  meters.  The  finding  here,  deep  in  the  Alps,  of  this  distinctly 
Mediterranean  oak,  ordinarily  linked  with  marine  climatic  conditions, 
may  be  explained  only  by  the  relic  character  of  these  alpine  habitats, 
preserved  from  a  more  extensive  area  existing  in  the  Tertiary  period, 
when  the  entire  Po  basin  formed  a  gulf  of  the  Adriatic  Sea  and  the 
southern  slopes  of  the  Alps  the  shores  of  this  gulf  (Trotter,  1927). 
This  type  of  relic  may  arise  solely  as  a  result  of  geomorphological 
changes  unaccompanied  by  climatic  changes. 

Lastly,  the  third  type  of  rehcs  are  climatic  relics,  i.e.,  plants  which, 
while  growing  now  under  certain  climatic  conditions,  give  evidence 
beyond  any  doubt  that  their  origin  and  distribution  took  place  under 
other  climatic  conditions.     There  are  many  such  relics. 

Due  to  the  great  diversity  of  types  of  relic  species  in  nature,  any 
rigid  classification  of  them  would,  in  our  opinion,  be  artificial,  and, 
hence,  we  do  not  consider  it  advisable  to  attempt  to  elaborate  one. 
We  wish  merely  here,  in  summing  up,  to  emphasize  that  the  basic 
factors  determining  the  character  of  a  relic  species  are  its  age,  origin, 
and  ecological  t3rpe.  The  causes  giving  rise  to  the  relic  character  of  a 
species  may  be  cHmatic,  geomorphological,  edaphic,  or  biotic.  Accord- 
ing to  their  age  and  origin,  relic  species  may  be  subdivided  into: 
(/)  pre -Tertiary;  (2)  Tertiary  (including  (a)  tropical  and  subtropical, 
(b)  temperate,  and  (c)  alpine-arctic);  (j)  glacial;  (4)  inter-glacial; 
and  (5)  post-glacial  relics. 
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The  species  composing  a  flora  may,  thus,  be  divided  into  present- 
day  elements  and  relic  elements  of  various  ages. 

Continuous  and  Discontinuous  Areas: — The  area  of  a  species, 
genus,  or  family  may  occupy  a  continuous  territory  or  two  or  more 
separate  territories.  If  the  latter  are  so  far  separated  that  there  is 
absolutely  no  possibility  of  their  having  been  peopled  by  means  of  the 
dispersal  of  seeds  by  natural  factors  now  existent,  we  call  such  areas 
discontinuous,  in  distinction  from  continuous  areas  occupying  a  con- 
tinuous territory. 

A  continuous  area  may  have  ribbon-hke  prolongations  (Pachosky, 
192 1)  that  may  protrude  beyond  the  main  boundaries  to  a  greater  or 
less  extent,  following  along  rivers  or  mountain  ranges  that  begin 
within  the  limits  of  the  basic  area  and  then  traverse  localities  with 
entirely  different  habitat  conditions. 

According  to  Herzog  (1926),  a  discontinuous  area  is  an  area  of  any 
taxonomic  unit  that  is  broken  up  into  several  separate  areas.  Al- 
PHONSE  DE  Candolle  defined  the  term  "especes  disjointes"  as  "those 
species  representatives  of  which,  being  found  in  two  or  more  separate 
lands,  nevertheless  cannot  be  regarded  as  having  been  transported 
from  one  to  the  other  because  of  some  restraining  circumstance — either 
the  structure  of  the  seeds,  the  mode  of  hfe  of  the  plants,  or  the  con- 
siderable distance  between  the  lands  inhabited"  (1855,  II,  p.  993). 

We  have  already  seen  that  a  species  does  not  occupy  every  foot  of 
territory  of  its  range.  Its  topography  may  be  very  complex,  giving 
grounds  sometimes  to  regard  the  area  as  discontinuous,  although  in 
reality  it  is  not.  Such  doubts  may  arise  with  respect  to  the  areas  of 
species  adapted  to  a  limited  range  of  habitat  conditions.  For  instance, 
species  of  fresh-water  plants  are  distributed  only  where  there  are 
bodies  of  fresh  water;  a  similar  situation  holds  true  as  regards  the 
vegetation  of  river  valleys,  swamps,  mountain  peaks,  etc. 

The  "threshold  of  discontinuity"  ("Disjunctions-Schwelle"  in 
Schroter's  terminology),  i.e.,  that  distance  beyond  which  any  given 
taxonomic  unit  is  unable  to  spread  by  natural  means  of  dispersal,  is 
very  difficult  to  determine  and  cannot  always  be  unconditionally  es- 
tablished. Consequently,  the  discontinuity  of  an  area  considered  to 
have  arisen  as  a  result  of  causes  no  longer  extant  may  often  be  dis- 
puted, all  the  more  since  even  views  as  to  the  significance  and  relative 
weight  of  factors  at  present  in  force  and  as  to  the  capacity  of  plants  for 
dispersal  are  widely  at  variance. 

There  are  various  types  of  discontinuity.  Thus,  if  an  area  is  com- 
posed of  only  two  separate  parts,  one  of  which  occupies  an  extensive 
territory  and  plays  the  dominant  role,  we  may  regard  this  as  the  main 
part  and  the  other  smaller  part  as  the  subordinate  part,  and  the  area 
itself  as  bipartite  (Bush,  1917).  In  other  cases,  when  the  area  is 
broken  up  into  a  number  of  small,  more  or  less  equal  parts,  we  speak 
of  the  area  as  insular  and  the  discontinuity  as  diffuse  (diffuse  dis- 
junction— Schroter).  In  such  cases  the  discontinuity  is  manifested  in 
the  form  of  a  much  disrupted  area,  the  cause  for  which  is  unclear  but 
probably  lies  in  the  presence  of  very  ancient  types  that  at  one  time 
covered  the  area  of  distribution  continuously  but  are  now  preserved 
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only  at  separate  points.  Such  a  discontinuity  is  called  homogeneous 
(Briquet),  if  in  the  separate  parts  of  the  area  there  grow  identical 
forms.  But  very  often  in  such  separate  parts  of  an  area  there  grow 
not  identical  but  related  or  vicarious  forms;  in  such  cases  we  propose 
the  term  heterogeneous  discontinuity.  The  former  of  these  two  t3T3es  of 
discontinuity  is  of  more  recent  origin,  the  separated  individuals  not 
having  yet  had  time  to  change  their  form,  as  they  have  in  the  second 
type,  which  is  of  more  ancient  origin. 

To  the  type  of  heterogeneous  discontinuity  may  be  referred  some 
cases  of  high-mountain  discontinuity,  which  arose  as  a  result  of  the 
formation  on  different  mountain  systems  of  vicarious  species  originat- 
ing from  one  and  the  same  widely  distributed  valley  form.  If  this 
initial  form  should,  owing  to  unfavorable  habitat  conditions,  become 
extinct,  these  newly  arisen  vicarious  forms  would  be  entirely  isolated. 
In  such  a  case  they  are  called  orophytes  (Oreophyten — Diels). 

There  are  other  cases  of  high-mountain  discontinuity,  however,  that 
are  not  heterogeneous  but  homogeneous,  viz.,  when  there  has  occurred  a 
simple  breaking  up  of  an  area  of  a  mountain  species  that  at  one  time, 
possibly  during  the  Ice  Age,  occupied  a  continuous  area,  and  then  with 
the  change  in  climatic  conditions  died  out  over  a  considerable  part  of 
its  range,  being  preserved  only  on  isolated  peaks  and  within  the  limits 
of  several  different  mountain  systems  {e.g.,  the  area  of  distribution  of 
species  of  Euphrasia). 

In  addition  to  high-mountain  discontinuity  where  the  parts  of  an 
area  are  located  on  different  mountain  peaks,  there  is  altitudinal  dis- 
continuity where  one  part  of  an  area  is  situated  in  one  altitudinal  zone 
and  another  part  in  another  zone  not  directly  adjoining  the  other, 
sometimes  not  even  within  the  limits  of  the  same  mountain  chain. 
Such  discontinuous  areas  may  arise  as  a  result  of  the  upheaval  of 
mountain  systems  or  the  dispersal  of  a  species  followed  by  the  develop- 
ment of  high-mountain  races.  Usually  the  parts  of  an  area  that  have 
been  separated  in  such  fashion  are  inhabited  by  vicarious  species  or 
races.  For  instance,  the  steppe  species,  Scaligeria  soongorica,  having 
spread  northward  from  the  southern  part  of  Central  Asia,  is  re- 
placed— not  in  a  steppe  zone,  where  it  is  not  found,  but  in  a  high- 
mountain   zone — by   a   cold-resistant,    sub-alpine    species,   5.    alpestris 

(KOROVIN,    1934). 

Another  example  of  altitudinal  discontinuity  may  be  taken  from  a 
tropical  flora.  On  the  mountains  of  the  Malay  Archipelago,  at  an  alti- 
tude of  from  1,000  to  1,500  m.,  there  grows  Bidbophyllum  tenettum, 
while  another  species  very  close  to  it,  undoubtedly  a  vicarious  species, 
B.  xylocarpi,  grows  at  sea  level  in  mangrove  woods  (van  Steenis, 
1935,  p.  298 — altitudinal  vicarism). 

An  elucidation  of  the  history  of  the  origin  of  discontinuous  areas 
is  one  of  the  main  tasks  of  historical  plant  geography,  since  in  this  way 
there  may  be  found  the  key  to  an  understanding  of  many  unclear 
moments  in  the  history  of  floras.  But,  before  we  can  undertake  a 
study  of  their  origin,  we  should  become  familiar  with  at  least  the  main 
geographical  tj-pes  of  discontinuous  areas. 
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Chief  T3rpes  of  Discontinuous  Areas:  — 

1.  Arctic-Alpine  Type. — This  type  of  discontinuous  area  is  charac- 
terized by  species  distributed,  on  the  one  hand,  in  the  Alps  and  other 
mountains  of  central  and  southern  Europe  and,  on  the  other,  in  arctic 
regions,  in  northern  Europe  and  Asia,  in  the  Altai  Mts.,  and  in  North 
America.    A  few  examples  will  illustrate  the  nature  of  this  t3fpe: 

Salix  herbacea.  Pyrenees,  Alps,  Apennines,  Sudetes  Mts.,  Car- 
pathian Mts.,  Siebenbiirgen,  the  Balkans — the  Urals,  northern  and 
arctic  Europe,  mountains  of  England  and  Scotland,  northern  and  arctic 
Siberia,  northern  and  arctic  North  America. 

Ranunculus  pygmaeus.  Central  Alps,  western  Carpathians — north- 
ern Scandinavia,  arctic  Europe,  Siberia,  and  America,  and  the  Rocky 
Mts.  as  far  south  as  55°  N. 

Thaliclrum  alpinum.  Pyrenees,  Alps — Wales,  Scotland,  the  Cau- 
casus, northern  and  arctic  Europe,  Asia,  and  America,  mountains  of  in- 
terior Asia,  Rocky  Mts.  as  far  south  as  Colorado,  Newfoundland,  and 
Anticosti  Island. 

2.  North  Atlantic  Type. — Plants  distributed  in  North  America  and 
Europe  (including  the  British  Isles)  and  divided  into  two  sections  by 
the  northern  part  of  the  Atlantic  Ocean.  Some  of  the  species  in  this 
group  are  found  also  in  isolated  spots  in  Asia,  including  eastern  Asia. 
Exceptionally  interesting  examples  of  this  tj^e  are  the  areas  of  species 
found  only  in  Ireland  and  North  America,  such  as  Eriocaulon  septangu- 
lare  and  Spiranthes  romanzoffiana.     Other  examples  are: 

Lycopodium  inundatum.  Northern  and  central  Europe — North 
America. 

Carex  flava.     Almost  all  of  Europe,  Anterior  Asia — North  America. 

3.  Asturian  Type. — This  type  of  area  was  noted  as  long  ago  as 
1835  by  Watson  and  later  by  Forbes  for  such  species  as  Daboecia 
polifolia,  Saxifraga  geum,  and  5.  umbrosa,  distributed  in  Ireland  and 
then  in  southwestern  France,  the  Pyrenees,  Asturia,  Cantabria,  and 
Portugal  (as  regards  Dabeocia,  also  on  the  Azores).  A  similar  distri- 
bution has  been  established  by  Scharf  for  a  number  of  animals. 

Such  a  discontinuity  in  the  areas  of  these  few  species  is  all  the  more 
interesting  since  it  resembles  the  discontinuity  in  many  areas,  where 
one  portion  embraces  the  British  Isles  and  the  other  southwestern 
Europe  and  frequently  also  northern  Africa  (e.g.,  the  area  of  Anagallis 
tenella). 

4.  North  Pacific  Type. — This  type  of  area  is  characterized  by 
species  now  found,  on  the  one  hand,  in  Asia,  particularly  its  eastern 
part  (including  Japan  and  Sakhalin),  sometimes  also  in  Europe,  and,  on 
the  other,  in  North  America,  usually  in  the  western  (Pacific)  section 
but  in  some  cases  in  the  eastern  (Atlantic)  section  or  in  both  sections. 
Discontinuous  areas  of  this  type  are  occupied  by  plants  belonging 
either  to  one  and  the  same  species  or  to  closely  related  species,  the 
distinguishing  characters  of  which  arose  as  a  result  of  prolonged  iso- 
lation. In  some  cases  the  discontinuity  in  area  has  been  established  by 
the  finding,  in  isolated  regions,  of  species  very  close  to  those  now  living. 
As  examples  of  this  type  we  may  take  the  areas  of  distribution  of  the 
following  plants: 
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Liriodendron  Tulipifera,  Atlantic  section  of  North  America— i. 
chinense,  China. 

Hamamelis  mollis  and  H.  japonica,  Japan — H.  virginiana,  United 
States  east  of  the  Mississippi  (from  the  Gulf  of  Mexico  to  Canada). 

Liquidambar  orientalis,  Asia  Minor,  and  L.  formosana,  Formosa, 
southern  China— L.  styraciflua,  Atlantic  section  of  North  America. 

Catalpa  hignonioides  and  C.  speciosa,  eastern  U.S.A.  from  Illinois 
to  Florida — C.  punctata  and  C.  Kaempferi,  Japan,  and  C.  Bungei, 
northern  China. 

Torreya  nucifera,  Japan,  and  T.  grandis,  China — T.  californica, 
California,  and  T.  taxifolia,  Florida. 


Fig.  io.  —  North  Atlantic  ranges  of:  is,Spartina  alterniflora;  36,  Spartina  patens; 
37,  Puccinellia  marilima;  38,  Najas  flcxilis;  30,  Spiranthes  romanzofiana.  (After 
Fern  aid). 

Osmorhiza  brevistylis,  Himalayas,  northern  Asia— North  America 
from  Canada  to  the  mountains  of  Carolina  in  the  East  and  to  those  of 
Mexico  in  the  West;  0.  laxa,  India,  O.  amurensis,  Amur  region, 
Kuznetz  Alatau  Mts.,  the  Caucasus,  and  O.  japonica,  Japan — 0.  nuda, 
0.  brachypoda,  and  0.  longistylis,  Atlantic  section  of  North  America, 
and  0.  Berterii,  0.  chilensis,  and  O.  depauperata,  South  America  (Chile, 
Argentina).  All  the  species  of  this  genus  are  close  to  one  another  and 
form  a  semicircle,  extending  from  the  Himalayas  over  the  Bering  Sea 
and  along  the  Cordilleras  to  southern  Chile. 

Sequoia,  a  genus  represented  now  by  but  two  species,  S.  gigantea 
and  S.  sempervirens,  growing  only  in  California.  In  a  fossil  state  repre- 
sentatives of  this  genus  have  been  found  throughout  all  of  North  and 
part  of  South  America,  and  also  in  Europe,  Spitsbergen,  and  Asia. 
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Taxodium,  represented  now  by  three  species,  T.  distichum,  T.  im- 
hricarium,  and  T.  mexicanum,  distributed  along  the  south  Atlantic  coast 
of  North  America  and  in  Mexico.  In  a  fossil  state  it  is  known  through- 
out almost  all  of  North  America  and  also  in  a  considerable  part  of 
Europe  and  Asia. 

Glyptostrohus,  a.  genus  very  close  to  Taxodium  and  represented  now 
by  but  two  species,  G.  pendulus  and  G.  heterophyllus,  found  in  eastern 
Asia  (China).  In  contrast  to  the  two  preceding  genera  that  died  out  in 
Asia,  Glyptostrohus  died  out  in  America.  In  a  fossil  state  (from  the 
Cretaceous)  it  is  known  in  Greenland — G.  groenlandicus  and  G.  inler- 
medius.  From  Tertiary  deposits  two  species  are  known:  G.  europaeus 
— from  southern  Europe  to  the  arctic  zone  and  in  North  America; 
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Fig.  II.  —  North  Atlantic  and  Iberian  ranges  of :  40,  Eriocaiilnn  seplangiilare;  41, 
Erica  Mackaii;  42,  Rubia  peregrina;  43,  Arbutus  unedo;  44,  Saxifraga  geum;  45, 
the  genus  Corema,  C.  alba  (European),  C.  Conradii  (American).    (After  Fernald). 

G.    Ungeri — Switzerland,    Spitzbergen,    Siberia,    North    America,    and 
Greenland. 

5.  North  America-South  America  Type. — This  type  is  characterized 
by  identical  or  closely  related  species  found  both  in  North  and  South 
America  but  not  having  a  continuous  area.  Here  belong  also  those 
species  and  genera  that  are  represented  in  one  of  the  Americas  by 
living  forms  and  in  the  other  by  extinct  forms.  As  an  example  of  the 
latter  we  may  take  the  genus  Sequoia,  growing  now  in  California  but 
in  a  fossil  state  found  also  in  Chile.  Among  plants  now  growing  in 
both  North  and  South  America  but  not  having  continuous  areas  we 
may  take  as  an  example  the  Sarraceniaceae,  which  family  includes  the 
closely  related  genera  Sarracenia,  Darlingtonia,  and  Heliamphora.  The 
genus  Sarracenia  has  six  species  distributed  in  the  Atlantic  section  of 
North  America;  Darlingtonia  one  species,  D.  calif  arnica,  in  California 
(Sierra  Nevada  Mts.);  and  Heliamphora  one  species,  H.  nutans,  in 
British  Guiana. 

6.  Europe-Asia  Type. — This  type  of  area  is  characterized  by 
identical  or  related  species  found  both  in  Europe  and  Asia  but  not 
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having  continuous  areas,  despite  the  fact  that  these  two  continents  are 
united.  There  are  very  many  examples  of  this  type,  of  which  we  shall 
cite  but  a  few: 

Cimicifuga  foeiida.  Central  Europe,  southwestern  part  of  European 
U.S.S.R. — southern  Siberia  from  Novosibirsk  Region  to  the  Pacific 
Ocean,  China,  Japan,  the  Himalayas. 

Leontice  altaica.  Southern  part  of  European  U.S.S.R. — eastern 
part  of  Semipalatinsk  Region,  southwestern  part  of  Novosibirsk  Re- 
gion. 

Middendorfia  horysthenica.  Southern  part  of  European  U.S.S.R., 
Kirghiz  steppes  (Airtau),  Kara-Irtysh  Valley — Novosibirsk  Region  (one 
habitat) . 

Cymbaria    horysthenica.     Crimea,    Dnepropetrovsk    and    Nikolayev 
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Fig.  12.  —  North  Atlantic  and  Pacific  ranges:  i,  Vallisneria  spiralis  (Europenn)  and 
V.  americana  (American);  2,  Liriodendron  Tidipifera  (American)  and  L.  chinense 
(Chinese);   ^,  Symplocarpiis  foetidus;  4,  Polygonum  virginianum.    (After  Fernald). 

Regions  in  the  Donetz  Valley — C.  dahurica,  Siberia  westward  as  far  as 
the  Yenisey,  Mongolia  to  the  Chinese  border,  Manchuria,  and  C.  nion- 
golica,  southwestern  Mongolia  (perhaps  this  species  should  be  combined 
with  the  preceding). 

Wulfenia  carinthiaca,  Carinthian  Alps,  Balkan  Peninsula  (mountains 
of  Albania  and  Montenegro),  and  W.  Baldacci,  Albania — W.  orientalis, 
Syria,  and  W.  Anther stiana,  western  Himalayas,  Afghanistan. 

7.  Mediterranean  Type. — This  type  comprises  many  diverse  vari- 
ations, seven  of  the  most  important  being:  (a)  discontinuous  areas  in 
Mediterranean  lands  territorially  connected;  {b)  discontinuous  areas  of 
which  one  portion  lies  along  the  northern  coast  of  the  Mediterranean 
Sea  and  the  other  in  northern  Africa;  (c)  one  portion  located  on  the 
mainland  of  the  Mediterranean  Basin  and  the  other  on  islands  in  the 
Mediterranean  Sea;    {d)  one  portion  on  the  mainland  of  the  Mediter- 
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ranean  Basin  and  the  other  on  islands  in  the  Atlantic  Ocean  (Azores, 
Madeira,  Canary  Is.);  (e)  one  portion  in  southern  Italy  and  the  other 
in  the  Balkans;  (/)  one  portion  in  the  Balkans  and  the  other  in  Asia 
Minor;  (g)  one  portion  in  the  Crimea,  a  second  in  Transcaucasia,  and 
a  third  in  Asia  Minor.  Among  the  many  other  variations  of  this  type 
we  may  mention  discontinuous  areas  having  one  portion  in  the  Medi- 
terranean Basin  and  the  other  in  the  mountains  of  tropical  Africa,  or  in 
Cape  Province,  or  in  CaHfornia,  etc. 

8.  Tropical  Types.— In  the  tropics  of  both  the  Old  and  New  Worlds 
we  find,  just  as  in  the  preceding  vegetation  zones,  a  number  of  types  of 
discontinuous  areas  characteristic  of  the  plants  in  this  flora.  The 
existence   of   such  discontinuities  is  particularly  evident  in   areas  of 


Fig.  13.  —  North-South  American  discontin- 
uous area  of  Sarraceniaceae;  i,  Darlingtonia; 
2,  Sarracenia;  3,  Heliamphora.  (After  Hutch- 
inson). 

so-called  pan-tropical  species,  i.e.,  those  now  distributed  in  tropical 
and  subtropical  regions  of  Asia,  Africa,  and  America.  But,  in  addition, 
we  have  within  the  tropics  a  number  of  more  localized  discontinuities, 
which  we  may  designate  as  paleotropical  discontinuities,  occurring  in  the 
areas  of  species  and  genera  distributed  in  tropical  Africa  and  Asia,  and 
also  in  some  cases  in  Madagascar,  Polynesia,  and  the  Malay  Archi- 
pelago and  neotropical  discontinuities,  occurring  within  the  limits  of  the 
tropics  of  the  New  World.  Among  the  more  important  tropical  types 
of  discontinuous  areas  we  hst  the  following: 

a.   Asia- Africa  Type.— To  this  type  we  refer  the  areas  of  plants 
common  only  to  the  floras  of  Africa  and  continental  Asia.     It  is  a 
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characteristic  fact  that  in  western  Africa  we  find  a  large  number  of 
species  of  tropical  India;  in  eastern  Africa,  on  the  other  hand,  we  find 
the  predominance  of  more  widely  distributed  species,  resembling 
Mediterranean  forms.  As  examples  of  this  type  we  may  cite  the  areas 
of  the  following  genera:  Ancistrocladus ,  Sesamum,  Citrullus,  Podocarpus, 
Pandanus,  Borassus,  Musa,  Olea,  Cojfea,  Luffa,  Lagenaria,  Momordica, 
Anisophyllea,  Hypericum  [H.  niycorens). 

h.  Africa-Madagascar  Type. — In  the  case  of  this  and  the  following 
type  we  understand  under  "Madagascar"  not  only  Madagascar  proper 
but  also  the  adjacent  group  of  islands  (Reunion,  Mauritius,  Seychelles). 
As  an  example  of  this  type  of  area  we  may  cite  Viola  abyssinica,  found 
in  Abyssinia  and  the  Cameroons  and  then  on  Madagascar  and  adjacent 


Fig.  14.  —  Mediterranean-North  American  discontinuous  areas:  6,  Platanus  orientalis 
(Mediterranean),  P.  occidentalis  (North  American);  7,  Cercis  Sitiquaslrum  (Mediterranean), 
C.  canadensis  (North  American);  8,  Comandra  elegans  (European)  and  Comandra  umbellata 
(North  American).    (After  Fernald). 

islands  (here  represented  by  a  vicarious  or  perhaps  even  identical 
species,  V.  emirnensis).  Geranium  simense,  Senecio  Bojeri,  and  others 
have  similar  areas. 

c.  Asia-Madagascar  Type. — ^Among  genera  distributed  both  on 
Madagascar  and  in  Asia  (India),  extending  sometimes  also  to  Australia 
and  PoljTiesia,  we  may  mention  Nepenthes,  Wormia,  and  Pathos. 

In  addition,  there  are  a  number  of  species  and  genera  growing  in 
Madagascar  that  are  found  also  both  in  Africa  and  India,  e.g.,  Buddleia 
madagascariensis. 

d.  Africa-America  Type. — The  tropics  of  Africa  and  America  are 
characterized  by  a  number  of  genera  found  only  on  these  two  continents 
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and  absent  in  Asia,  or  more  widely  distributed  on  them  than  in  tropical 
Asia.    As  examples  of  type  of  area  we  may  cite  the  following: 

The  genus  Symphonia  of  the  family  GuUiferae  is  represented  by  the 
species  5.  globulifera,  a  small  tree  growing  in  western  Africa  from 
Gabon  to  Angola,  and  then  is  distributed  in  the  forests  of  Brazil  and 
also  in  the  Guianas,  Panama,  Costa  Rica,  Honduras,  and  the  West 
Indies.  This  species  is  not  found  in  eastern  Africa,  but  in  Madagascar 
there  grow  five  other  closely  related  species. 

As  a  second  example  we  may  take  the  family  Vochysiaceae,  which  is 
purely  American  except  for  the  genus  Erismadelpkus,  recently  found  in 
the  forests  of  the  Cameroons. 

The  genus  Anona,  most  of  whose  species  are  distributed  in  America 
but  which  is  likewise  cultivated  in  Africa,  is  also  represented  on  the 
latter  continent  by  wild  species,  such  as  A .  glauca  in  upper  Guinea,  A . 


Fig.  15.  —  Pantropic  discontinuous  area  of  the  genus  Buddleia  (Loganiaceae).     (After 
Hutchinson). 

Klainii  in  Gabon,  and  A.  senegalensis,  closely  related  to  the  American 
species,  a  wild  form  found  in  all  the  steppe  regions  of  Africa. 

e.  India-Malay  Type.— This  type  embraces  the  discontinuous  areas 
of  species  distributed  in  India,  Malaysia,  Polynesia,  and  also  in  some 
cases  in  tropical  Australia,  particularly  the  northeastern  part.  As  ex- 
amples of  this  type  we  may  cite  the  genera  Agathis,  Araucaria,  Dacry- 
dium,  Areca,  Engelhardtia,  Cochlospermum,  Hernandia,  and  Cratoxylon. 

Here  we  may  refer  also  the  discontinuous  areas  of  plants  found  in 
Malaysia,  Polynesia,  AustraHa,  and  New  Zealand.  According  to 
Oliver,  in  the  flora  of  the  last-mentioned  country  we  find  a  consider- 
able number  of  elements  that  are  common  to  both  New  Zealand  and 
Malaysia.  For  instance,  the  genus  Dacrydium,  represented  by  several 
species  in  Malaysia  and  New  Caledonia,  has  7  species  in  New  Zealand 
and  I  in  Tasmania;  it  also  has  i  species  in  Chile,  D.  Fonckii,  close  to 
the  New  Zealand  species,  D.  laxifolium. 

9.  Gondwana  Type. — In  this  group  we  include,  in  conformity  with 
paleogeographical   data,   those   discontinuous   areas   embracing   India, 


Chapter  V 


-89- 


Types  of  Areas 


Africa,  Madagascar,  and  Australia.  There  are  not  many  examples  of 
this  type  in  the  plant  kingdom,  particularly  among  the  Angiospermae; 
nevertheless,  there  are  a  few  characteristic  areas,  chiefly  for  Africa, 
Madagascar,  and  Australia.  As  examples  we  may  cite  Adansonia, 
Keratidrenia,  Rulingia,  and  Athrixia. 


Fig.  i6.  —  Neotropical  discontinuous  area  of  the  Vochy- 
siaceae  (in  Africa  one  genus,  Erismadelphus).  (After  Hutch- 
inson). 

lo.  South  Pacific  Type. — Here  are  included  the  areas  of  genera  and 
species  common  to  South  America,  Pacific  islands.  New  Zealand,  and 
Australia,  or  found  in  New  Zealand  and  not  in  Australia.  Among  such 
areas  are:  Jovellana:  South  America — New  Zealand;  Pernettya,  Hebe, 
Nolhofagus:  South  America — Australia,  New  Zealand;  Drimys:  South 
America — Australia  and  Polynesia. 


Fig.  17.  —  South-Pacific  discontinuous  area  of  the  genus 
Jovellana  {Scro phulariaceae) .    (After  Hutchinson). 

II.   South    Atlantic    Type. — The    discontinuity   of   areas   of   many 
genera  found  in  South  America  and  also  in  Africa  and  Madagascar  was 
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noted  long  ago.  According  to  Engler,  such  discontinuous  areas  of 
genera  found  only  in  South  America,  Africa,  and  Madagascar  may  be 
divided  into  three  main  groups.  To  the  first  he  refers  genera  having 
numerous  species  distributed  in  South  America,  of  which  only  a  few  are 
found  also  in  Africa,  and  monotypic  genera  distributed  both  in  South 
America  and  Africa,  related  genera  of  which  are  found  in  South 
America.  For  instance,  Telanthera  {Amaranthaceae)  has  45  species  in 
South  America,  of  which  only  one  is  found  in  western  Africa;  Paullinia 
(Sapindaceae)  has  80  species  in  South  America,  only  one  of  which 
grows  in  Africa. 

To  the  second  group  are  referred  genera  having  maximum  distri- 
bution in  South  America,  but  a  few  species  not  found  in  South  America 
grow  in  Africa.  For  example,  Copaifera  (Leguminosae)  has  10  spe- 
cies in  South  America  and  2  in  Africa,  of   which  one  is  related  to 


Fig.  18.  —  Australian  discontinuous  area  of  the  section  Erythrorhiza  of  the  genus  Drosera. 
(After  DiELs). 

a  species  found  in  Cuba;  Asclepias  {Asclepiadaceae)  has  58  species  in 
South  America  and  2  in  Africa.  Here  we  may  refer  also  the  very  in- 
teresting area  of  the  genus  Ravenala,  distributed  on  Madagascar  and 
in  South  America. 

To  the  third  group  are  referred  genera  having  several  species  in 
South  America  and  several  in  Africa  or  represented  in  their  floras  by 
a  single  species  each.  For  instance  Sphaeralcea  {Malvaceae)  has  21 
species  in  South  America  and  4  in  Africa  (Cape  Province);  Amanoa 
{Euphorhiaceae) — 2  species  in  South  America  and  also  2  in  western 
Africa;  Chlorophora  (Moraceae) — i  species  in  tropical  America  and  i  in 
Africa. 
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12.  Australian  Type. — Within  the  limits  of  Australia  there  are 
numerous  and  very  interesting  cases  of  discontinuous  areas,  having 
separate  portions  in  eastern  and  western  Australia,  the  intervening 
zone  in  central  Australia  forming  a  botanico-geographical  region  known 
as  Eremea.  This  zone  varies  greatly  in  size  and  shape,  as  a  result  of 
which  the  discontinuous  areas  have  diverse  configurations. 

13.  Antarctic  Type. — Here  are  included  the  discontinuous  areas  of 
species  and  genera  found  on  the  Antarctic  mainland  and  also  in  the 
southern  part  of  South  America,  New  Zealand,  Australia,  South  Africa, 
and  on  the  various  islands  scattered  between  them — St.  George, 
Kerguelen  Land,  Macquarie  Island,  etc.  It  is  understood  that  the 
parts  of  these  areas  located  on  the  Antarctic  mainland  are  now  repre- 
sented by  plants  found  only  in  a  fossil  state.  As  examples  of  this  type 
of  area  we  may  mention  the  areas  of  the  genera  Nothofagus  and  Fitz- 
roya. 

The  above-enumerated  thirteen  types  do  not  by  any  means  cover 
the  entire  diversity  of  discontinuous  areas.  It  suffices  to  mention  the 
existence  of  areas  having  one  portion  in  the  northern  and  one  in  the 
southern  hemisphere.  For  instance,  in  Tierra  del  Fuego  and  southern  Pat- 
agonia there  are  found  a  number  of  boreal  plants;  also  in  Australia 
{e.g.,  the  genus  Veronica);  and  so  on.  We  have  not  attempted  to  list 
all  the  types  of  discontinuous  areas,  since  that  would  be  well  nigh  im- 
possible, but  we  believe  that  the  types  enumerated  show  quite  clearly 
their  great  diversity  and  the  need  of  similarly  diverse  explanations  as 
regards  their  origin.* 
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a)  1.4.  c)   2.4.  4). 
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Chapter  VI 

PARALLELISM  IN  THE  GEOGRAPHICAL  DISTRIBUTION 

OF    PLANTS    AND    ANIMALS    AND    CORRELATION 

BETWEEN  THE  DISTRIBUTION  OF  PARASITES 

AND   THAT  OF  THEIR  PLANT  HOSTS 

The  difficulties  involved  in  retracing  the  history  of  the  geographical 
distribution  of  plants,  considering  the  paucity  of  paleobotanic  data, 
make  it  necessary,  in  addition  to  the  direct  study  of  the  areas  of 
species,  to  make  use  of  all  possible  indirect  methods  that  may  aid  in 
solving  this  problem.  Among  such  methods  the  chief  is  a  comparison 
with  data  on  the  geographical  distribution  of  animals. 

The  distribution  of  plants  and  animals,  both  at  the  present  time  and 
in  former  geological  epochs,  is  in  many  ways  interdependent.  Eco- 
logical conditions,  past  changes  in  climate  and  in  the  connections  and 
configurations  of  continents,  are  reflected,  to  a  greater  or  less  extent, 
in  the  distribution  of  all  living  organisms.  Consequently,  the  geogra- 
phy of  plants  and  animals  really  should  constitute  a  single  science, 
biogeography.  Such  a  science  is  now  only  a  dream  for  the  future,  but 
it  is  to  be  hoped  that  it  will  some  day  be  realized.  If  now  the  study  of 
the  geography  of  the  floras  and  faunas  of  the  globe  is  separated,  this  is 
the  regrettable  result  of  the  scope  of  modern  knowledge,  which  has  out- 
grown the  possibility  of  its  mastery  by  a  single  investigator.  This  need 
for  specialization  hampers  to  some  extent  the  study  of  nature  as  a  uni- 
fied whole. 

It  is,  nevertheless,  of  utmost  importance  that  phytogeographers  and 
zoogeographers  should  co-operate  closely  in  their  work.  The  agreement 
of  data  in  both  branches  of  biogeography,  the  similarities  in  the  distri- 
bution of  plants  and  animals,  the  occurrence  of  the  same  discontinu- 
ities in  their  areas,  and  the  identity  of  the  centers  of  origin  of  floras 
and  faunas  leave  no  doubt  as  to  the  existence  of  historical  causes  for 
these  phenomena  and  give  a  sound  basis  for  phyto-  and  zoo-geographi- 
cal conclusions.  In  the  present  chapter  we  do  not  aim  to  go  into  this 
phase  of  our  general  problem  in  detail.  We  wish  merely  to  give  a  few 
illustrations  of  parallelisms  in  the  distribution  of  plants  and  animals, 
which  will  make  clear  the  importance  of  checking  conclusions  made  on 
the  basis  of  a  direct  study  of  plant  distribution  by  comparison  with 
zoogeographical  data. 

As  a  second  indirect  method,  we  wish  to  stress  the  importance  of  a 
study  of  parasites — both  of  plant  and  animal  origin,  connected  during 
the  course  of  their  life  cycles  with  definite  plants — which  may  provide 
very  valuable  aid  in  establishing  the  history  of  the  distribution  of  their 
plant  hosts.  The  parallel  study  of  both  reveals  their  interrelations, 
paths  of  migration,  and  also  their  past  areas  of  distribution,  often 
indicating  that  there  formerly  existed  a  different  distribution  of  the  dry 
lands  and  climatic  zones  of  the  globe. 
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By  the  aid  of  such  indirect  methods  it  frequently  becomes  possible 
to  establish  the  past  distribution  of  plants  in  cases  where  ordinary 
methods — data  on  present  distribution  and  paleobotany — fail  to  pro- 
vide sufficient  clues. 

Parallelism  in  the  Distribution  of  Plants  and  Animals:  —  Similar 
features  in  the  distribution  of  plants  and  animals  arise  from  three  cir- 
cumstances: (j)  the  dependence  of  animals  on  plants  as  a  source  of  food 
and  of  plants  on  animals  as  agents  in  the  transfer  of  pollen  and  the 
dispersal  of  fruits  and  seeds;  (2)  the  effect  of  identical  ecological  factors 
and  the  habitation  of  common  biocenters  (this  constitutes  the  basis  for 
the  view  held  by  some  investigators  that  there  do  not  exist  separate 
plant  and  animal  associations  but  only  common,  complex  bio-associ- 
ations); and  (j)  historical  causes,  such  as  changes  in  climate  and  in 
the  position  of  the  continents,  having  a  like  effect  on  the  areas  of 
plants  and  animals. 

In  connection  with  the  theme  of  our  present  manual  of  particular 
interest  are  those  similarities  in  distribution  induced  by  historical 
causes.  These  are  expressed  in  the  frequent  occurrence  of  rehc  retreats 
common  for  both  plants  and  animals.  Moreover,  sometimes  a  plant 
association,  e.g.,  a  forest,  may  be  a  relic  retreat  for  animals,  although  it 
itself  is  not  rehc  in  nature.  This  is  confirmed  by  the  fact  that  a 
number  of  plants  and  animals  have  the  same  centers  of  development  of 
their  areas  and  also  by  the  similarity  of  their  discontinuous  areas. 
This  may  be  seen  from  the  following  examples.  According  to  Geptner 
(1936),  twenty-one  species  of  fresh-water  fish  of  the  British  Isles,  for 
which  the  sea  constitutes  an  insurmountable  barrier,  are  identical  with 
fish  hving  in  the  Rhine  and  rivers  of  northwestern  France.  The  occur- 
rence of  the  same  plants  in  Great  Britain  and  along  the  banks  of  the 
Rhine  is  a  parallel  phenomenon,  and  is  explained  by  the  fact  that  the 
Rhine,  at  the  time  of  the  post-glacial  connection  between  the  British 
Isles  and  the  mainland,  flowed  through  England  and  had  its  mouth  in 
the  northern  part  of  Norfolk  County. 

On  a  plateau  in  the  central  part  of  the  Sahara  there  is  found  fauna 
of  the  Mediterranean  type,  similar  to  the  fauna  of  the  Atlas  Mts., 
despite  the  fact  that  deserts  now  separate  them.  Similar  discontinuous 
areas  are  characteristic  of  the  floras  of  the  mountain  chains  of  Africa. 
The  absence  of  marked  changes  in  climate  since  the  beginning  of  the 
Tertiary  period  in  the  region  of  the  Indian  Ocean  has  resulted  in  the 
presence  on  its  islands  of  an  exceedingly  rich  flora,  preserving  Tertiary 
features,  and  also  of  a  very  rich  fauna,  including  a  shore  fauna  that 
arose  from  the  fauna  of  Tethys.  There  are  animals  that  have  bipolar 
areas  with  a  break  in  the  tropical  zone,  just  as  in  the  case  of  plants. 

CocKERELL  (1932)  has  pointed  out  an  interesting  paralleHsm  be- 
tween the  discontinuous  area  of  a  genus  of  bees,  Hesperapis — distrib- 
uted in  arid  districts  of  southwestern  U.S.A.  and  also,  under  similar 
habitat  conditions,  in  South  Africa — and  an  analogous  area  of  a  genus 
of  plants,  Menodora,  of  the  family  Olcaceae.  This  genus  is  distributed 
in  semi-arid  districts  of  the  southwestern  part  of  North  America  (in- 
cluding Mexico  and  the  southwestern  States  of  the  U.S.A.),  in  central 
and  southern  South  America,  and  then,   after  another  break,   in  the 
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Transvaal  and  other  adjacent  parts  of  South  Africa.  Out  of  seventeen 
species  and  thirteen  varieties  of  Menodora,  Steyeemark  (1932),  a 
monographer  of  this  genus,  found  that  "nine  species  and  eleven  vari- 
eties occur  in  North  America,  six  species  and  one  variety  in  South 
America,  and  two  species  and  one  variety  are  found  in  Africa,  one  of 
the  species,  M.  heterophylla,  being  found  in  North  America  and  having 
its  variety  in  Africa.  There  are,  accordingly,  three  distinct  areas  of 
distribution:  (/)  southwestern  United  States  and  Mexico,  (2)  central 
and  southern  South  America,  and  (3)  South  Africa"  (p.  100).  All 
these  regions  are  characterized  by  arid  or  semi-arid  conditions.  Steyer- 
MARK  considers  that  the  area  of  the  genus  Menodora,  and  consequently 
of  the  bees  connected  therewith,  "in  all  probability  had  a  more  con- 
tinuous geographical  range  at  least  before  the  end  of  the  Cretaceous 
period",  and  that  "the  most  logical  source  of  evidence  explaining  this 
present  interrupted  distribution  lies  in  the  postulation  of  a  land-bridge 
once  connecting  South  America  and  Africa"  (p.  104). 

A  number  of  identical  discontinuous  areas  of  animals  and  plants 
are  cited  by  Reinig  (1937),  who  summarizes  the  data  of  Dr.  L.  S. 
Berg  and  others  in  his  book,  "Die  Holarktis".  Among  such  areas  are 
those  having  the  following  distribution:  Europe -eastern  Asia,  Eurasia- 
America,  and  Europe-North  America.  Reinig  believes  that  these 
areas  had  their  origin  as  a  result  of  conditions  during  the  Ice  Age. 

Evidence  for  the  existence  of  a  land-bridge  between  Africa  and 
India  is  provided  not  only  by  floristic  but  also  by  faunistic  data.  Thus, 
Scott  (1933),  on  the  basis  of  a  comparison  of  the  insect  fauna  and 
flora  of  the  Seychelles  and  adjacent  islands,  comes  to  the  conclusion 
that  these  islands  "are  not  typical  oceanic  islands,  but  of  an  ancient 
continental  type.  ...  The  high  percentage  of  endemic  forms  in  both 
flora  and  fauna  indicates  a  biological  association  which  has  endured 
since  the  remote  past,  but  which  has  existed  throughout  the  archi- 
pelago as  a  whole;  there  has  been  little  formation  of  distinct  species  in 
the  individual  islands,  the  separation  of  which  has  probably  been  com- 
paratively recent.  .  .  .  However  many  be  the  endemic  plants  and 
animals  which  have  died  out,  those  which  persist  are  the  reinains  of  the 
flora  and  fauna  of  a  much  larger,  almost  vanished,  land"  (p.  381). 
The  presence  of  a  considerable  percentage  of  species  of  plants  and 
animals  having  related  forms  in  Africa,  on  the  one  hand,  and  India, 
on  the  other,  indicates  that  this  archipelago  constitutes  the  remnants 
of  a  land-bridge  formerly  connecting  Africa  and  India.  The  fact  that 
"the  element  with  African  afiinities  in  the  endemic  fauna  is  of  more 
recent  origin  than  the  element  with  Indo-Australian  affinities"  (p.  382) 
points  to  the  longer  persistence  of  a  connection  with  Africa,  that  with 
India  having  been  broken  at  a  considerably  earlier  period. 

The  foregoing  examples  suffice  to  show  what  great  significance  for 
historical  plant  geography  may  be  the  checking  of  floristic  data  with 
those  of  zoogeography. 

Rust  Fungi  as  an  Index  of  the  Distribution  of  their  Plant  Hosts:  — 
In  the  works  of  Mordvilko  (1925,  1926)  we  have  valuable  data  ob- 
tained by  a  comparison  of  the  distribution  of  rust  fungi  and  of  their 
hosts.     In  this  case  the  possibility  of  botanico-geographical  conclusions 
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is  based  on  the  fact  that  the  spring  generation  of  rust  fungi  form  on 
their  plant  hosts  so-called  aecia.  These  aecia  develop  only  under 
specific  conditions  existing  on  their  usual  host  but  not  on  any  other 
plants.  Moreover,  this  specificity  of  rust  fungi  is  so  great  that  it  some- 
times enables  us  to  distinguish  between  forms  or  even  species  of  plants 
in  which  with  the  naked  eye  we  are  unable  to  detect  any  difference  in 
morphological  structure.  The  summer  and  fall  generations  of  these 
fungi  are,  however,  much  less  specialized,  and,  consequently,  the 
uredospores  and  teliospores  formed  by  them  may  develop  on  various 
other  plants.  There  thus  may  come  about  a  facultative  heteroecism  of 
the  rust  fungi  that  may  later  become  permanent.  If  the  new  hosts 
prove  to  be  a  more  favorable  substratum,  the  summer  generations  usu- 
ally develop  on  them,  and  thus  an  originally  autoecious  parasite  be- 
comes heteroecious,  although  often,  besides  heteroecious  forms,  the 
initial  autoecious  forms  are  preserved.  Hence,  in  cases  where  there  are 
only  summer  and  fall  generations  of  a  rust  fungus  on  secondary  hosts, 
we  may  assume  that  they  arose  from  autoecious  forms  in  places  where 
the  initial  host  grows,  on  which  passed  the  entire  cycle  of  development 
of  the  fungus,  including  the  spring  aeciostage. 

According  to  Mordvilko,  the  cycles  of  rust  fungi  evolved  in  this 
way:  At  first  there  were  " lepto-forms "  with  several  generations  of 
teliospores,  among  which  might  be  distinguished  the  summer  forms 
and  the  forms  that  wintered  over.  Then  came  "brachy-forms", 
when  the  summer  teliospores  were  replaced  by  uredospores;  and, 
lastly,  there  arose  the  "eu-forms",  when  the  first  generation  of  uredo- 
spores is  replaced  by  aecia.  Only  "eu-forms"  could  develop  heteroe- 
cism. This  occurred  in  the  following  manner:  When  in  a  given  region 
there  arose  new  plants,  or  plants  from  other  regions  migrated  to  this 
region,  the  rust  fungi  passed  from  their  former  hosts  to  new  ones,  pro- 
vided the  latter  offered  them  favorable  conditions  for  development,  and 
in  time  they  became  modified  into  new  species  and  then  genera.  But 
such  a  passing  over  to  new  hosts  could  be  achieved  only  in  the  case  of 
"lepto-forms"  and  "brachy-forms".  As  regards  "eu-forms",  it  would 
be  more  complicated,  since  only  the  generations  of  uredospores  and 
teliospores  could  adapt  themselves  to  the  new  hosts,  while  the  aecia 
could  develop  only  on  the  primary  hosts.  At  first,  consequently,  there 
arose  non-obligatory  or  facultative  heteroecism  and  only  later  regular, 
obligatory  heteroecism.  Hence,  it  would  follow  that  the  primary  hosts 
are  more  ancient  than  the  secondary,  and  in  most  cases  this  has  proved 
to  be  so. 

If  the  foregoing  is  kept  in  mind,  then,  by  the  aid  of  the  history  of 
rust  fungi,  it  becomes  possible  also  to  elucidate  certain  problems  in  the 
history  of  their  hosts — to  decide  which  are  of  a  more  ancient  and  which 
of  a  more  recent  origin,  which  are  indigenous  to  a  given  region  and 
which  adventive.  Cycles  could  evolve  only  in  a  temperate  climate  with 
its  seasons,  while  for  the  tropics  with  their  even  cUmate  only  "lepto- 
forms"  with  a  single  type  of  spore  are  characteristic,  all  other  forms  of 
rust  fungi  (with  uredospores  or  aeciospores)  undoubtedly  being  immi- 
grants from  regions  with  a  temperate  climate.  A  study  of  tropical  rust 
fungi  from  this  point  of  view  might  also  give  much  of  value  for  an 
elucidation  of  the  history  of  their  hosts. 
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The  possibility  of  the  utilization  of  the  described  biological  peculiar- 
ities of  rust  fungi  for  purposes  of  historical  plant  geography  may  be 
illustrated  by  the  following  examples: 

Microcyclic  forms  of  rust  fungi  may  arise  from  heteroecious  forms, 
when  in  any  country  or  region— as  a  result  of  a  change  in  clirnate  {e.g., 
from  temperate  to  cold  or  vice  versa,  from  humid  to  arid  or  vice  versa) 
—their  primary  hosts,  on  which  the  aecia  develop,  die  out,  but  their 
secondary  hosts,  on  which  the  generations  of  uredospores  and  telio- 
spores  develop,  survive.  In  such  cases  the  fungi  multiply  by  means  of 
the  uredospores  (these  generations  can  also  winter  over);  the  telio- 
spores,  however,  at  first  are  preserved  in  a  rudimentary  state  (due  to 
the  dying  out  of  the  primary  hosts,  they  lose  all  their  significance),  and 
then  completely  disappear.  In  this  way  there  arise  microcyclic  forms 
that  cannot  convert  themselves  into  macrocyclic  forms,  even  if  in  the 
given  locality  their  primary  hosts  should  again  make  their  appearance. 
In  western  Europe,  for  instance,  the  rust  fungus  Cronartium  quercium 
propagates  itself  on  oaks  only  by  their  uredospores,  the  teliospores 
having  completely  disappeared,  but  in  North  America  and  Japan  the 
same  fungus  passes  through  a  complete  cycle,  the  aecia  developing, 
moreover,  on  two-leaved  pines.  It  seems  that  in  Tertiary  times  there 
existed  in  Europe  at  least  two  species  of  pine  resembling  the  North 
American  species  on  which  aecia  of  Cronartium  quercium  are  formed— 
Pinus  rigios  (Oligocene-Miocene) ,  similar  to  P.  Taeda,  and  P.  hepios 
(Oligocene-Pliocene),  similar  to  P.  mitis.  Or  let  us  take  Tkecospora 
vacciniorum.  This  rust  fungus  propagates  itself  on  Vaccinium  Myrlillus 
and  V.  Vitis-idaea  only  by  uredospores  (teliospores  are  rare),  but  in 
North  America  the  same  fungus  passes  through  a  complete  cycle,  the 
aecia  being  formed  on  Tsiiga  canadensis.  But  in  the  Pliocene  period  in 
Europe  there  existed  Tsuga  europaea,  which  might  well  have  been  the 
primary  host  of  Thecospora  vacciniorum.  In  the  European  part  of  the 
U.S.S.R.,  in  connection  with  the  disappearance  of  the  fir  {Ahies)  and 
the  larch  {Larix)  that  had  existed  here  in  interglacial  times,  there  arose 
a  considerable  number  of  microcyclic  Melampsoraceae. 

Sometimes  macrocyclic  and  microcyclic  forms  are  found  side  by 
side,  e.g.,  of  Puccinia  graminis  in  Great  Britain.  The  microcyclic  form 
(only  uredospores  on  cereals)  could  have  arisen  only  in  the  following 
manner:  The  host,  the  barberry  (Berberis  vulgaris),  which  existed  there 
in  pre-glacial  times,  disappeared  during  the  Ice  Age,  and  there  arose  a 
microcycUc  form  (minus  teUospores).  Later,  however,  when  in  Great 
Britain  the  barberry  again  made  its  appearance  (believed  by  some  to 
have  been  introduced  by  man),  there  reappeared  with  it  the  macro- 
cyclic  form  of  Puccinia  graminis.  These  examples  show  that  micro- 
cyclic  forms  of  fungi  may  give  us  a  clue  as  to  which  plants  (the 
primary  hosts  of  the  fungi)  died  out  in  a  given  region  due  to  cli- 
matic changes  that  occurred  there  in  former  times. 

Very  interesting  data  are  presented  by  Lashchevskaya  (1927),  who 
investigated  the  rust  fungus  that  occurs  on  the  Tertiary  relic,  Schi- 
vereckia  podolica,  growing  in  a  part  of  Kursk  Region  characterized  by  a 
number  of  such  relics.  It  was  found  that  this  rust  fungus  is  Puccinia 
drabae,  a  species  of  an  exclusively  mountain  or  north  arctic-alpine  type. 
The  hosts  of  this  fungus  are  ordinarily  several  species  of  the  genus 
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Draba,  that  grow  in  the  mountains  of  central  Europe,  in  the  Alps, 
throughout  the  entire  Arctic  region,  in  North  America,  in  the  Cau- 
casus Mts.,  in  the  northern  part  of  European  U.S.S.R.,  in  the  Urals, 
in  western  Siberia  (the  Altais),  in  Kamchatka,  in  the  mountains  of 
Central  Asia,  and  in  the  Himalayas.  Schivcreckia  is  a  genus  very 
closely  related  to  Draba  and  distributed  in  the  Urals,  in  Siberia,  and  on 
the  Podolian  elevation.  The  finding  of  this  rust  in  the  Kursk  Region 
indicates  that  in  the  past — presumably  in  the  Ice  Age — there  existed 
there  conditions  analogous  to  those  prevailing  in  its  present  habitats. 
This,  in  turn,  confirms  the  relic,  not  adventive,  character  of  the  distri- 
bution of  Schivcreckia  podolica. 

Rust  fungi,  having  presumably  evolved  simultaneously  with  their 
hosts,  have,  in  case  the  latter  are  characterized  by  discontinuous  areas, 
analogous  discontinuous  areas,  being  found  on  the  same  or  related 
species  of  the  host  plants.  V.  A.  Transhel  (1936,  1940)  cites  a  num- 
ber of  very  interesting  instances  of  such  parallel  discontinuity  of  areas, 
a  few  of  which  we  shall  give  here.  Thus,  the  rust  genera  Uredinopsis, 
Milesina,  and  Hyalopsora  pass  their  life  cycle  on  different  hosts,  form- 
ing aecia  on  the  fir  {Abies)  and  uredospores  and  teliospores  on  species 
of  genera  of  ferns  belonging  to  the  families  Polypodiaceae  and  Osmun- 
daceae.  It  is  of  interest  that  these  genera  of  rust  are  found  chiefly  in 
North  America  and  eastern  Asia,  thus  repeating  the  discontinuous  area 
characteristic  of  the  higher  plants  that  are  their  hosts. 

Species  of  Puccinia,  not  identical  but  related,  occurring  on  the  genus 
Lycium  and  the  related  genus  Grabowskia,  that  grows  in  Palestine, 
South  Africa,  and  North  and  South  America,  are  characterized  by  the 
peculiar  structure  of  their  teliospores,  the  pedicels  of  which  swell 
greatly  in  water.  These  species  of  rust  presumably  arose  and  became 
adapted  to  the  mentioned  hosts  prior  to  the  appearance  of  the  dis- 
continuities in  the  areas  of  these  genera.  Subsequently,  with  the 
differentiation  of  the  hosts  there  also  occurred  differentiation  of  the 
species  of  the  parasite.  One  of  the  latter,  Puccinia  Thuemeniana,  is 
parasitic  on  Myricaria  germanica  in  the  Tyrol  and  Rumania  and  on 
M.  dahurica,  a  vicarious  species,  in  Siberia,  in  the  Altai  and  Sayan  Mts. 
Similarly,  Phragmipedimn  circumvallatum  is  found  on  species  of  Geum 
of  the  sections  Orlhurus  and  Oligocarpa  in  Spain,  the  Caucasus,  and 
Central  Asia. 

These  examples  suffice  to  show  how  a  study  of  fungi  may  be  used 
to  establish  the  history  of  the  development  of  their  hosts.  This  method 
of  investigation,  however,  has  as  yet  been  developed  but  little  and  is 
rarely  used. 

Plant-Lice  as  an  Index  of  the  Distribution  of  their  Hosts:  —  Just  as 
fungi  so  also  insects  parasitic  on  plants  may  in  precisely  the  same  way 
give  valuable  clues  to  the  history  of  the  distribution  of  their  plant 
hosts.  To  MoRDviLKO  (1928,  1929,  1930)  credit  is  likewise  due  for 
elucidating  the  interesting  biogeographical  interrelations  between  plant- 
lice  and  the  plants  upon  which  they  pass  their  life  cycles. 

In  plant-lice,  just  as  in  rust  fungi,  there  are  a  number  of  different 
cycles  of  alternating  generations,  in  this  case  a  succession  of  virgin  and 
bisexual  generations.     The  evolution   of  plant-lice  proceeded  in   the 
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direction  of  the  replacement  of  winged  bisexual  forms  first  by  winged 
virgin  forms  and  later  by  wingless  virgin  forms.  Of  insects  of  the 
bisexual  generation  first  the  females  become  wingless  and  then  the 
males. 

Present-day  plant-lice  represent  different  stages  in  the  evolution  of 
cycles  of  plant-hce:  some  are  only  at  the  beginning  of  this  evolution; 
others  at  its  end.  Such  cycles  develop  only  in  temperate  climes  with 
their  different  seasons.  In  the  tropics,  with  their  even  climate,  the 
bisexual  generation  is  lacking,  and  there  remain  only  winged  and 
wingless  asexual  forms.  Whenever  during  the  history  of  the  earth 
there  arose  new  groups  of  plants  or  into  a  given  region  there  pene- 
trated new  plants  from  some  other  region,  plant-hce  have  migrated 
from  their  old  hosts  to  new  ones,  if  the  latter  were  suitable  for  them, 
e.g.,  from  willows  and  poplars  to  maples,  from  birches  to  maples,  from 
Myricaceae  and  Juglandaceae  to  Tilia,  to  various  Papilionaceae,  etc., 
and  here  on  the  new  hosts  they  became  transformed  first  into  new 
species  and  then  into  new  genera. 

Such  a  migration  from  certain  plant  hosts  to  others  leads  eventu- 
ally to  heteroecism.  On  the  primary  host  there  develop  only  some  of 
the  generations,  including  the  bisexual  generations  and  those  asexual 
generations  developing  from  fertilized  eggs  that  have  wintered  over 
(so-called  "fundatrices"),  and  on  the  new,  secondary  host  there 
develop  the  sunamer  asexual  generations  that  terminate  in  the  for- 
mation of  winged  sexual  forms  (sexuparae),  which  fly  back  to  the 
primary  host  to  deposit  their  eggs. 

Consequently,  in  plant-lice,  just  as  in  rust  fungi,  the  dying  out  of 
their  primary  hosts  in  any  region  leads  to  the  formation  of  microcyclic 
forms,  represented  only  by  wingless  and  winged  asexual  generations. 
For  instance,  in  the  case  of  the  disappearance  of  Ulmus  and  Pistacia, 
that  serve  as  primary  hosts  of  plant-lice,  the  latter  are  preserved  on 
the  roots  of  cereals  or  other  plants  in  the  form  of  asexual  generations. 
Hence,  on  the  basis  of  the  distribution  of  microcyclic  forms  we  may 
judge  as  to  the  former  distribution  of  their  primary  hosts.  For  ex- 
ample, the  species  of  plant-louse  Forda  formicaria  has  as  its  secondary 
host  the  roots  of  various  cereals.  A  microcyclic  form  is  now  distrib- 
uted throughout  the  entire  holarctic  (Europe,  Siberia,  North  America); 
presumably  in  Tertiary  times  Pistacia  terebinthus  also  had  approxi- 
mately the  same  area  of  distribution. 

Another  plant-louse,  Trifidaphis  phaseoli,  has  as  its  primary  host 
Pistacia  niutica  and  as  its  secondary  host  the  roots  of  various  dioecious 
herbs.  As  a  microcyclic  form  it  is  distributed  from  Central  Asia  and 
Egypt  through  the  southern  part  of  eastern  Europe  and  through 
western  Europe  to  Great  Britain,  Greenland,  North  America,  and  even 
South  America  (it  is  not  found  in  Siberia).  This  gives  grounds  for 
assuming  that  in  Tertiary  times  Pistacia  mutica,  or  a  form  very  close 
to  it,  had  approximately  the  same  area  of  distribution.  Pistacia  hce 
(microcyclic  forms)  are  found  also  in  Formosa,  Java,  Egypt,  and 
South  Africa.  Moreover,  the  finding  of  the  microcyclic  form  of  Tri- 
fidaphis phaseoli  on  the  shores  of  Greenland,  taking  into  account  the 
fact  that  this  plant-louse  spreads  very  slowly,  indicates,  without 
doubt,  that  it  has  existed  in  Greenland  uninterruptedly  from  the  time 
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that  there  grew  there  either  Pislacia  mutica  or  some  closely  related 
species  of  this  genus.  This  louse,  therefore,  must  have  Hved  through 
the  Ice  Age  in  Greenland,  which  gives  grounds  for  presuming  that  not 
all  representatives  of  the  Angiospermae  were  destroyed  by  the  great 
cHmatic  changes  of  that  period.  The  secondary  hosts  on  which  this 
louse  passed  its  life  cycles  must  also  have  been  preserved  in  sheltered 
places  not  covered  by  the  ice.  That  this  louse  penetrated  into  Green- 
land from  Europe,  by  way  of  Iceland,  is  not  possible,  since  it  is  not 
found  in  Iceland.  In  that  country  there  is  found  another  louse. 
Pemphigus  hursarius,  whose  primary  host  is  the  poplar,  Popidus  nigra. 
It  spreads  considerably  more  rapidly  than  the  preceding  species; 
nevertheless,  it  is  not  found  in  Greenland  (Mordvilko,  1935).  These 
facts  fully  coincide  with  recent  data  on  the  origin  of  the  flora  of  higher 
plants  in  Greenland,  pointing  to  the  likelihood  that  some  of  its  species 
lived  through  the  Ice  Age. 

As  a  final  example,  we  may  take  the  plant-louse,  Forda  hirsuta 
(primary  host — Pislacia  vera).  The  fact  that  the  microcyclic  form  of 
this  louse  is  not  found  in  Europe  shows  that  Pistacia  vera  never  oc- 
curred on  the  territory  of  Europe. 

The  data  we  have  here  presented  make  evident  the  need  for  more 
detailed  studies  of  the  interrelations  between  plant  and  animal  organ- 
isms from  the  point  of  view  of  their  geographical  distribution. 
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Chapter  VII 

ARTIFICIAL    FACTORS    IN   THE    GEOGRAPHICAL 
DISTRIBUTION  OF  PLANTS 

In  examining  the  factors  responsible  for  plant  distribution,  it  is 
necessary,  first  of  all,  to  establish  whether  those  aspects  of  their 
distribution  not  explicable  on  the  basis  of  present-day  physiographic 
conditions — isolated  fragments  of  areas,  relic  and  endemic  species  and 
centers,  various  combinations  of  floras,  etc. — are  to  be  explained  as 
efifects  of  that  most  potent  of  modem  factors,  the  activity  of  man,  or 
of  more  ancient,  historical  factors.  If  the  former  be  the  case,  we  have 
no  need  to  delve  into  complicated  paleogeographical  and  paleoclima- 
tological  problems;  if  the  latter,  we  should  concentrate  our  attention 
primarily  on  such  problems  and  on  other  natural  factors. 

When  changes  in  the  distribution  of  plants  are  induced,  acciden- 
tally or  intentionally,  by  the  action  of  man,  we  say  that  they  are  caused 
by  "artificial  factors".  Instances  of  man's  influence  on  vegetation  are 
so  numerous  and  well  known  to  every  one  that  there  is  no  need  of  re- 
counting them  in  detail.  We  shall  here  consider  only  general  problems 
connected  with  man's  influence  on  plant  distribution,  with  the  aim  of 
determining  the  significance  of  man's  activity  as  an  explanation  of 
those  phenomena  in  the  geographical  distribution  of  plants  which  are 
of  particular  interest  for  our  branch  of  science. 

Man's  activities  not  only  have  an  indirect  effect  on  plant  distri- 
bution, e.g.,  by  the  destruction  of  natural  plant  communities,  but  man 
acts  as  a  direct  agent  in  the  transfer  of  plants  from  one  locality  to  an- 
other. Moreover,  even  as  a  direct  agent,  we  may  draw  a  distinction 
between  man's  intentional  change  of  habitat  of  a  plant,  often  by 
transfer  over  very  great  distances,  and  his  involuntary  aid  to  a  plant's 
change  of  habitat.  In  the  former  case  we  have  in  mind  plants  intro- 
duced by  man  into  cultivation — cultivated  plants  and  their  derivatives; 
in  the  latter — weeds  and  other  wild  plants  that  have  accompanied  man 
during  his  migrations  over  the  globe. 

With  respect  to  cultivated  plants,  we  shall  here  take  under  con- 
sideration only  cases  of  their  naturalization  and  subsequent  reversion 
to  conditions  of  an  independent  existence,  to  a  so-called  "wild"  state, 
becoming  what  are  known  as  "escapes".  The  reversion  of  cultivated 
plants  to  a  wild  state  may  take  place  in  various  ways.  In  some  cases 
the  plants  continue  to  grow  only  in  the  same  place  where  they  were 
formerly  cultivated.  Such  plants  are  known  as  anthropogenous  relics. 
In  other  cases  they  may,  as  a  result  of  various  natural  factors,  become 
distributed  beyond  the  Hmits  of  the  place  where  they  were  once  culti- 
vated. This  has  from  ancient  times  not  infrequently  taken  place, 
particularly  in  localities  where  the  natural  vegetation  has  previously 
been  destroyed  and  habitat  conditions  disturbed  by  man.  However, 
the  number  of  such  plants,  for  reasons  which  we  shall  take  up  later, 
is  not  very  large. 
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Man  has  played  a  considerably  greater  role  in  the  distribution  of 
weeds,  which  have  either  accompanied  the  crops  grown  by  man  or 
directly  accompanied  man  in  his  migrations.  These  are  plants  possess- 
ing in  most  cases  a  wide  range  of  tolerance,  so  hardy  and  unfastidious 
that  they  can  spread  rapidly  far  and  wide. 

All  lands  now  have  their  specific  weeds,  a  study  of  the  origin  of 
which  reveals  a  remarkably  close  connection  with  the  trade  routes  and 
migrations  of  man.  Thus,  North  America  has  at  present  about  500 
species  of  weeds  brought  from  Europe.  All  the  American  representa- 
tives of  a  number  of  genera — Lamium,  Malva,  Medicago,  Melilotus, 
etc. — had  their  origin   in  Europe  and  bear  an  adventive   character. 


Fig.  19.  —  Map  showing  the  gradual  migration  of  the  adventive  plant,  Senecio  vernalis, 
into  western  Europe  from  the  East  beginning  with  the  year  1726.    (After  Beger,  from  Hegi). 


Conversely,  Europe  has  a  number  of  species  that  were  brought  from 
America,  such  as  Erigeron  canadensis,  now  common  throughout  almost 
all  of  Europe,  and  Elodea  canadensis,  which  has  become  so  widely 
distributed  in  European  waters  that  it  constitutes  an  obstacle  to 
shipping. 

The  large  number  of  weeds  in  existence  was,  until  recently,  taken 
as  proof  of  the  predominant  significance  of  man  as  a  factor  in  the  geo- 
graphical distribution  of  plants.  Basing  themselves  on  the  many, 
diverse  possibilities  for  the  transfer  of  plants  by  man  and  the  great 
abundance  of  weeds  in  existence,  the  extreme  advocates  of  the  role  of 
man  concluded  that  all  aberrations  in  plant  distribution — discontinu- 
ous areas,  isolated  habitats,  relics  out  of  harmony  with  present-day 
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vegetation  and  habitat  conditions — may  be  explained  as  a  direct  or 
indirect  effect  of  man's  activities.  And,  as  in  the  case  of  any  such  ex- 
tremism, the  most  fantastic  assumptions  and  unfounded  statements 
were  regarded  as  scientific  and  well-founded.  The  bald  statement  that 
the  distribution  of  a  given  plant  is  the  result  of  its  introduction  by 
man  was  considered  sufficient  to  refute  all  propositions  regarding  the 
effect  of  historical  causes  on  the  present  distribution  of  plants. 

What  limits  the  significance  of  man's  activities  as  a  factor  in  the 
geographical  distribution  of  plants?  First,  the  short  duration,  as  com- 
pared to  the  antiquity  of  the  plant  world,  of  the  action  of  man  on  the 
latter,  and,  second,  the  fact  that,  even  conceding,  as  we  do,  the  great 
role  of  man  in  the  transfer  of  seeds  and  the  spread  of  weeds,  this  does 
not  determine  the  extent  to  which  this  vegetation  is  able,  in  places 
where  it  penetrates  into  regions  of  the  earth  to  which  it  is  not  native, 
to  gain  a  foothold  in  the  local  flora  and  become  a  full-fledged  member. 
The  few  instances  of  the  almost  cosmopolitan  distribution  by  man  of 
some  plants  do  not  vouchsafe  the  unHmited  possibility  of  the  naturali- 
zation of  plants,  regardless  of  what  habitat  conditions  are  normal  for 
them  and  what  geographical  obstacles  may  be  in  the  way  of  their  fur- 
ther dispersal. 

Loss  by  cultivated  plants  (and  by  weeds  infesting  them)  of  their 
ability  to  maintain  an  independent  existence  and  to  spread  inde- 
pendently:—  First  of  aO,  there  arises  the  question  as  to  whether  a 
plant,  once  in  cultivation,  can  pass,  after  it  is  no  longer  cultivated,  into 
a  wild  state,  i.e.,  can  maintain  an  existence  independent  of  man.  In 
other  words,  does  not  man's  influence  on  a  plant  under  cultivation 
result  in  so  changing  its  structure  that  it  is,  to  a  certain  extent,  de- 
prived of  the  advantages  in  the  struggle  for  existence  that  it  had  ac- 
quired during  the  entire  preceding  period  of  its  life  history?  As 
regards  those  cultivated  plants  utilized  by  man  for  centuries  and  modi- 
fied by  breeding  and  selection  to  conform  to  man's  needs,  it  is  quite 
apparent  that  the  answer  to  this  question  must  be  affirmative.  The 
changes  wrought  by  man  in  the  structure  of  plants  may  be  exceed- 
ingly diverse.  We  shall  here  note  only  the  most  important,  taking  as 
our  chief  sources  the  works  of  Zinger  (1909),  Hildebrand  (1873), 
and  Thellung  (191 5). 

1.  Conversion  of  perennials  into  annuals,  as  an  effect  of  cultivation, 
is  not  an  uncommon  phenomenon.  We  know,  for  instance,  among 
cereals  many  cases  of  cultivated  annuals  that  have  originated  from 
wild,  perennial  forms.  Thus,  the  wild  progenitors  of  cultivated  rye 
were  perennials  (Batalin,  1892),  and  the  wild  rye,  Secale  montanum, 
closely  related  to  cultivated  rye,  is  also  a  perennial. 

2.  Increase  in  the  size  of  seeds,  accompanied  by  a  decrease  in  their 
number  and,  consequently,  also  in  the  number  of  embryos,  greatly 
lessens  the  plant's  chances  for  propagation. 

3.  Loss  hy  fruits  and  seeds  of  their  protective  coverings.  For  example, 
naked  cereals  have  fruits  deprived  of  the  outer  glumes  that  served  to 
protect  them.  The  lining  of  sclerenchymatous  tissue  in  the  pods  of 
wild  Leguminosae  is  lacking  in  cultivated  species. 

4.  Loss  of  natural  adaptations  for  the  dissemination  of  seeds.     Here 
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we  may  cite  the  many-jointed  spikes  of  cereals  (so-called  "brittle" 
spikes),  a  character  common  among  wild  species  but  absent  or  nearly 
so  in  cultivated  species,  and  the  bipartite  fruits  of  wild  species  of 
Umbdlijerae,  a  character  only  very  slightly  expressed  in  cultivated 
species.  Plants  which  in  a  wild  state  have  fruits  that,  when  ripe,  de- 
lusce  in  one  way  or  another,  thus  giving  the  wind  a  chance  to  disperse 
the  seeds,  may  lose  this  ability  in  a  cultivated  state.  For  instance, 
the  fruits  of  cultivated  flax  or  of  the  opium  poppy  do  not  dehisce  when 
ripe,  while  those  of  the  wild  poppy.  Pa  paver  Rhoeas,  and  of  the  wild 
flax,  Liniini  crepitans,  are  dehiscent. 

The  loss  of  the  sclerenchymatous  tissue  in  the  pods  of  Leguminosae, 
about  which  we  have  already  spoken,  lessens  the  extent  to  which  the 
valves  of  the  pod  curl  up,  thus  diminishing  the  abihty  of  the  plant  to 
scatter  its  seeds. 

In  general,  the  lesser  development  of  sclerenchymatous  tissue  in 
many  crop  plants  is  a  common  phenomenon,  apparently  connected 
with  the  fact  that  plants,  when  cultivated,  are  grown  in  closer  stands, 
are  often  protected  from  winds,  and  are  in  other  ways  provided  with 
special  local  habitat  conditions  characterized  by  greater  humidity  and 
more  shading,  all  of  which  induce  more  vigorous  growth  (Zinger, 
1909).  Thus,  plants  of  a  more  or  less  xerophytic  nature  and  growing 
under  xerophytic  climatic  conditions  may,  by  cultivation,  be  trans- 
formed into  mesophytes.  but  these  latter,  when  left  uncultivated, 
become  entirely  unviable.  A  similar  phenomenon  we  observe  in  trees. 
In  a  forest  the  trees  have  tall,  slender  trunks  and  weakly  developed 
crowns,  while,  when  grown  farther  apart,  they  have  short,  sturdy 
trunks  and  vigorous  crowns.  The  latter  easily  resist  winds,  whereas 
forest  trees,  when  isolated,  e.g.,  by  the  cutting  out  of  trees,  are  often 
blown  down  by  heavy  winds. 

5.  Double  flowers,  induced  by  the  conversion  of  stamens  into  petals, 
constitute  a  clear  example  of  an  aberration  rendering  the  affected 
plants  incapable  of  life  without  man's  assistance,  except,  in  certain 
cases,  through  adequate  vegetative  means  of  propagation. 

6.  Loss  of  various  defensive  adaptations,  such  as  thorns,  spines,  pubes- 
cence, etc.,  making  the  plant  defenceless  against  herbivorous  animals 
and  more  susceptible  to  injury  from  evaporation  of  moisture. 

7.  Exceptionally  great  increase  in  size  of  fruits,  markedly  distinguish- 
ing cultivated  from  wild  plants,  may  not  be  of  advantage  to  the  plant, 
since  it  appears  to  render  the  fruits  more  difiicult  for  animals  to  eat 
and,  consequently,  constitutes  a  hindrance  to  seed  dissemination. 

8.  Improvement  in  the  flavor  of  fruits  tends  to  cause  animals  to  eat 
them  up  completely,  seeds  and  all. 

9.  Seedless  (parthenocarpic)  .fruits,  just  as  double  flowers,  render 
the  independent  existence  of  a  plant  absolutely  impossible. 

All  the  above-mentioned  peculiarities,  occurring  also  among  wild 
plants  as  abnormalities,  are,  by  means  of  conscious  or  unconscious  se- 
lection, intensified  and  highly  developed  in  the  case  of  cultivated  plants. 

10.  Complete  absence  of  fruiting  in  some  cultivated  plants — due  to 
atrophy  of  the  sex  organs  (as,  for  instance,  to  a  considerable  degree,  in 
the  sugar  cane),  to  absence  of  pollinators  in  places  of  cultivation  far 
distant  from  the  plant's  native  habitat  (e.g..  Yucca  species  in  Europe), 


E.  V.  Wulff  —106 —        Historical  Plant  Geography 

or  to  other  causes— results  in  these  plants  becoming  incapable  of  com- 
pleting their  sexual  cycles. 

When  no  longer  cultivated,  all  plants  such  as  we  have  enumerated 
above — modified  by  man  in  ways  most  suited  to  his  needs  but  ab- 
normal and  harmful  for  the  plant  itself  as  an  independent  organisni— 
naturally  tend  to  disappear  and  are  no  longer  able  to  aid  in  extending 
the  area  of  the  species  to  which  they  belong. 

Of  exceptional  importance  is  the  circumstance  that  the  very  same 
changes  in  biological  peculiarities  and  morphological  structure  that  we 
have  just  described  in  plants  purposely  cultivated  may  also  be  ob- 
served in  those  weeds  that  constantly  accompany  definite  crops,  thanks 
to  which  they  are  involuntarily  cultivated  by  man.  Certain  of  such 
weeds,  without  man  himself  being  aware  of  the  process,  may  gradually 
become  transformed  into  direct  objects  of  his  cultivation.  This  has 
undoubtedly  been  the  mode  of  origin  of  cultivated  rye,  oats,  hemp, 
and  coriander,  and  most  probably  of  several  Leguminosae,  kenaf  {Hibis- 
cus cannabinus),  Chinese  jute  (Abutilon  Avicennae) ,  etc. 

As  proof  of  the  existence  of  such  involuntary  breeding  of  weeds, 
making  possible  their  subsequent  cultivation,  we  may  cite  some  of 
the  numerous  instances  of  the  occurrence  in  weeds,  the  planned 
selection  of  which  by  man  is  entirely  excluded,  of  changes  in  structure 
and  biology  analogous  to  those  we  listed  above  for  cultivated  plants. 
Thelltjng  (1915)  compiled  considerable  data  of  this  sort.  Here  we  learn 
of  the  involuntary  selection  of  weeds  for  annual  habit,  due  to  the 
annual  plowing  of  the  soil,  and  of  the  consequent  transformation  of 
perennial  plants  into  annuals,  an  example  being  Phalaris  brachyslachys, 
a  Mediterranean  weed  differing  only  in  being  annual  from  its  close 
relative,  P.  truncata,  that  grows  in  natural  habitats.  In  weeds,  just  as 
in  cultivated  plants,  we  may  observe  an  increase  in  the  size  of  seeds  at 
the  expense  of  their  number,  and  the  loss  by  fruits  of  their  protective 
coverings  and  of  their  ability  to  disseminate  their  seeds  naturally. 

Examples  of  such  changes  may  also  be  taken  from  Zinger's  work 
(1909)  on  species  of  Camelina  infesting  flax.  C.  glahrala  and  C.  lini- 
cola  constantly  accompany  flax,  being  known  as  "plantae  linicolae". 
According  to  Zinger,  these  plants  "do  not  have  a  single  one  of  the 
adaptations,  possessed  by  most  wild  annuals,  for  accommodating  their 
development  to  seasonal  changes.  They  are  unable  to  await  the 
moment  most  favorable  for  the  development  of  stem  and  flowers,  hav- 
ing neither  rosettes  like  their  nearest  wild  relatives  nor  seeds  that  may 
lie  long  dormant  like  many  other  annual  plants.  Their  fruits  ripen 
ahnost  simultaneously,  instead  of  successively  over  a  prolonged  period, 
which  would  assure  the  preservation  of  at  least  that  part  of  the  prog- 
eny attaining  by  the  onset  of  winter  a  stage  of  development  favorable 
for  wintering-over.  These  species  can  normally  complete  the  cycle 
of  their  development  only  provided  their  seeds  are  gathered  when  ripe, 
kept  in  a  storehouse  during  the  winter,  and  sown  in  the  spring." 

The  well-known,  widely  distributed  weed,  Agrostemma  gilhago,  has 
many-seeded  pods,  which,  although  dehiscent,  are  so  constructed  that 
the  seeds  cannot  fall  out  by  themselves.  According  to  Braun-Blan- 
QUET,  the  spikes  of  Bromus  secalinus,  a  weed  infesting  cereals,  and  its 
close  relative,  B.  grossus,  break  up  into  sections  only  late  in  the  season 
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and  then  not  completely,  while  the  very  closely  related  species,  B. 
racemosiis  and  B.  pratensis,  have  such  brittle  spikes  that  they  break  up 
into  separate  spikelets  very  readily.  Moreover,  the  awns  in  B.  secalinus 
are  much  reduced  in  length  or  rudimentary,  which  is  undoubtedly  con- 
nected with  the  loss  of  abiHty  and  need  for  independent  distribution. 
Aleclrolophus  apterus,  a  weed  infesting  rye,  has  lost  the  ability  of  self- 
dissemination  due  to  the  fact  that  its  seeds  do  not  have  any  wing-like 
appendages.  Its  seeds  ripen  simultaneously  with  the  rye  seeds,  and 
they  are,  thus,  harvested  and  sown  together  with  the  latter. 

Loss  of  those  adaptations  making  independent  existence  possible 
leads  in  some  cases  to  the  plant  ceasing  altogether  to  grow  in  a  wild 
state  and  to  its  becoming  so  closely  linked  with  some  crop  plant  that 
it  is  as  difficult  to  determine  the  wild  progenitors  of  such  a  cultivated 
weed  as  it  is  in  the  case  of  many  crop  plants.  As  examples  of  such 
weeds  of  unknown  ancestry  we  may  cite  two  infesting  cultivated  flax  — 
Silene  linicola  and  Cuscuta  epilinum. 

The  above  facts  serve  to  illustrate  one  of  the  limitations  to  the 
significance,  from  a  botanico-geographical  standpoint,  of  man's  part  in 
the  distribution  of  plants.     But  this  is  not  the  only  limitation. 

Acclimatization.  —  Of  no  less  importance,  as  regards  the  possibility 
of  plants  becoming  established  in  new  localities  into  which  they  are 
artificially  brought  by  one  or  another  agency,  are  the  climatic  and 
edaphic  limits  beyond  which  a  given  plant  cannot  exist.  Alphonse  de 
Candolle  made  a  distinction,  in  cases  where  plants  are  transferred  to 
new  regions,  between  the  acclimatization  of  plants,  when  they  find  them- 
selves where  conditions  differ  markedly  from  those  of  their  native  habi- 
tat, and  the  naturalization  of  plants,  when  they  are  brought  into  a 
region  with  habitat  conditions  similar  to  those  to  which  they  have  been 
accustomed.  In  case  of  complete  acclimatization  or  naturalization,  a 
plant,  in  his  opinion,  gradually  acquires  all  the  properties  inherent  to 
wild  species,  such  as  the  ability  to  grow  and  to  multiply  by  natural 
means  of  propagation,  both  sexual  and  asexual,  without  man's  aid.  If 
such  a  plant  maintains  itself  for  several  years,  during  which  there  occur 
climatic  phenomena  to  which  it  has  not  been  accustomed,  we  may 
regard  it  as  fully  acclimatized.  In  other  words,  such  a  plant  would 
in  no  way  differ  from  an  indigenous  one,  and  its  artificial  introduction 
into  an  alien  flora  may  be  estabhshed  only  on  the  basis  of  historical 
data. 

It  should  be  noted,  however,  that,  with  the  exception  of  weeds, 
very  few  instances  are  known  of  the  full  acclimatization  of  a  plant 
occurring  during  the  history  of  man.  De  Candolle,  as  a  negative 
example  cites  the  date  palm,  which  has  been  known  to  man  for  thou- 
sands of  years  and  which,  despite  many  attempts  to  extend  its  area, 
cannot  be  successfully  grown  beyond  the  limits  of  its  cHmatic  mini- 
mum. Although  it  may  be  grown  at  more  northerly  latitudes  than  its 
native  home,  e.g.,  in  southern  Europe  on  the  shores  of  the  Mediterra- 
nean, it  either  yields  no  fruit  at  all  or  fruits  that  fail  to  ripen. 

Hence,  with  a  few  exceptions,  we  can  speak  about  the  acclimatiza- 
tion of  plants  only  in  the  sense  of  the  gradual  adaptation  of  a  plant 
to  changed  habitat  conditions  over  a  very  prolonged  period  of  time, 
no  doubt  exceeding  that  span  during  which  man  has  acted  as  a  factor 
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in  the  geographical  distribution  of  plants.  In  this  connection  Willis 
(1922)  quite  correctly  points  out  that  acclimatization  does  not  neces- 
sarily involve  the  transfer  of  plants  from  one  place  to  another.  Dur- 
ing the  history  of  vegetation  plants  have  many  times  had  to  become 
acclimatized  in  situ  to  the  great  climatic  changes  that  have  occurred 
during  geological  ages.  Willis  sums  up  his  chapter  on  this  subject  as 
follows  (p.  31):  — 

"Acclimatisation  in  the  hands  of  man,  who  is  impatient  of  results,  has  been  largely  a 
matter  of  trial  and  error,  with  numerous  failures,  but  there  is  reason  to  suppose  that  this 
is  not  so  much  the  case  in  the  hands  of  nature,  working  as  she  does  over  vast  periods  of 
time,  with  very  small  steps.  Species  have  thus  been  acclimatised  to  conditions  wonder- 
fully different  from  those  in  which  they  began". 

In  other  words,  in  studying  the  artificial  factors  in  plant  distri- 
bution we  should  keep  in  mind  that  these  embrace  not  acclimatization 
but  only  naturalization,  a  first  step  in  acclimatization,  this  constitut- 
ing a  limitation,  and  a  very  real  one,  to  the  possibilities  of  introducing 
new  members  into  a  flora  at  the  will  of  man. 

As  regards  naturalization,  numerous  cases  are  known  where  this  has 
taken  place  or  is  taking  place,  which  indicates,  as  de  Candolle 
pointed  out,  that  in  the  various  regions  of  the  earth  there  do  not  grow 
by  far  all  the  species  which  these  regions  could  maintain  and  which 
could  thrive  there.  At  the  same  time,  however,  it  is  impossible  to  draw 
a  sharp  distinction  between  acclimatization  and  naturalization,  since, 
though  there  are  regions  with  similar  climatic  conditions,  there  are  no 
two  regions  in  the  world  with  entirely  identical  conditions,  and,  conse- 
quently, a  plant  must  pass  through  a  number  of  long  stages  in  the 
process  of  becoming  adapted  to  new  conditions  before  it  may  be  re- 
garded as  fully  naturalized.  These  stages  of  gradual  adaptation  to 
new  conditions  are  particularly  clear  as  regards  climatic,  especially 
temperature,  conditions.  As  an  example,  we  may  take  the  olive  trees 
{Olea  europaea)  grown  in  the  Crimea.  They  are  the  descendants  of  a 
number  of  very  old  trees  preserved  from  ancient  Greek  and  Genoese 
settlements.  These  trees  undoubtedly  represent  cold-resistant  races 
that  evolved  on  the  southern  coast  of  the  Crimea,  the  northernmost 
limit  of  olive  cultivation. 

The  various  stages  in  a  plant's  adaptation  to  low  temperature  may 
be  illustrated  by  the  acclimatization  studies  carried  out  at  the  Nikita 
Botanical  Gardens  in  the  Crimea  (Wulff,  1926).  We  divided  the  alien 
plants  there  into  four  different  groups  according  to  their  stage  of 
naturalization.  The  first  group  included  plants  fully  naturalized  (in 
DE  Candolle's  sense),  i.e.,  capable  of  self -propagation,  growing  outside 
the  Hmits  of  cultivated  fields,  and,  in  general,  having  acquired  the 
attributes  of  indigenes.  (As  examples  we  may  mention:  Daphne 
laureola,  Madura  aurantiaca,  Mahonia  aquifolium,  Cylisus  laburnum, 
Bupleurum  frulicosum).  In  the  second  group  we  assembled  those 
species  that  propagated  themselves  freely  by  seeds  in  the  plots  where 
they  were  cultivated  but  that  did  not  spread  beyond  these  plots  and 
did  not  revert  to  a  true  wild  state.  (Examples:  cedars,  Trachycarpus 
excelsus).  The  third  group,  including  the  majority  of  the  plants  in  the 
Nikita  Botanical  Gardens,  embraced  those  species  that  fruited  normally 
and  produced  viable  seeds  but  that  were  incapable  of  self -propagation. 
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Lastly,  in  the  fourth  group  we  placed  those  species  that  showed  normal 
vegetative  growth  but  that,  due  to  lack  of  the  proper  conditions  for 
their  normal  development,  did  not  flower  at  all  or,  if  they  flowered, 
did  not  form  any  fruits  or  formed  fruits  without  seeds  or  with  inviable 
seeds.  (Examples:  Pinus  Gerardiana,  Pseudotsiiga  taxifolia,  Clematis 
Jacqmannii,  Pueraria  Thunhergiana). 

According  to  Chernova  (1939),  out  of  a  total  of  681  woody,  orna- 
mental species  now  grown  in  the  Nikita  Botanical  Gardens  only  40  are 
self-propagating.  Most  of  the  others  (381)  produce  viable  seed  but 
are  not  self -propagating,  81  do  not  produce  viable  seed,  76  bear  fruit 
but  produce  no  seed,  and  103  flower  but  do  not  fruit.  It  is,  thus,  clear 
that  a  plant,  even  when  transferred  to  a  region  with  similar  habitat 
conditions,  has  serious  obstacles  to  overcome  before  it  can  become 
fully  naturalized.  This  accounts  for  the  very  small  percentage  of 
species  that  actuaOy  enter  into  the  composition  of  the  wild  flora  of  a 
country,  not  merely  here  and  there  crossing  the  boundaries  of  botanical 
gardens  or  plantations  but  actually  extending  their  range  outside  these 
boundaries.  Despite  the  centuries-long  work  of  botanical  gardens  and 
accHmatization  nurseries,  involving  the  introduction  into  cultivation  of 
tens  of  thousands  of  species,  most  of  these  species,  though  continuing 
to  this  day  to  grow  in  these  gardens  and  nurseries  under  man's  pro- 
tection and  with  his  care,  have  not  in  the  slightest  been  able  to  emanci- 
pate themselves  from  this  dependence.  Any  number  of  examples 
might  be  cited  to  illustrate  this.  Thus,  though  thousands  of  species  of 
woody  and  herbaceous  plants  have  been  introduced  at  the  Nikita 
Botanical  Gardens,  only  about  700,  aknost  exclusively  woody  species, 
have  been  preserved  to  the  present  day.  The  records  show  that  there 
existed  at  these  Gardens  considerable  collections,  several  times  re- 
plenished, of  herbaceous  plants,  but  of  these  not  a  trace  has  been  pre- 
served. 

Stankov  (1925)  made  a  count  of  the  species  in  southern  Crimea 
that  had  spread  beyond  the  limits  of  the  parks,  where  they  had  at  one 
time  been  grown,  and  had  become  wild.  Of  such  species  he  found  that 
he  could  list  with  certainty  only  19.  Moreover,  the  habitats  of  these 
plants,  with  very  few  exceptions,  were  found  to  be  near  the  places 
where  they  had  once  been  cultivated.  These  plants  are  not  widely 
distributed,  and  it  is  evident,  beyond  any  doubt,  that  they  are  escapes 
from  cultivation. 

Though  cases  are  not  rare  of  accidentally  or  intentionally  introduced 
species  spreading  very  rapidly  and,  on  territory  where  the  native  vege- 
tation has  been  disturbed  or  destroyed,  acquiring  a  dominant  position, 
it  usually  happens  that  such  species  later  as  suddenly  disappear  as 
they  had  appeared.  Thus,  Flahault  (1899)  describes  how  in  1856 
there  were  listed  at  the  Montpellier  Botanical  Gardens  24  naturalized 
species,  all  of  which  later  ceased  to  propagate  themselves  independently. 
In  1893  in  the  same  gardens  there  were  57  flowering  species  alien  to  the 
local  flora  distributed  throughout  the  territory  of  the  gardens  and  con- 
stituting noxious  weeds  that  had  to  be  controlled.  Six  years  later,  in 
1899,  seven  of  these  species  had  completely  disappeared,  and  four  had 
ceased  to  be  universally  distributed.  Taking  their  place,  nine  new 
species  had  made  their  appearance.  But  not  one  of  these  plants  ever 
spread  beyond  the  boundaries  of  the  gardens. 
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KUPFFER  (1925)  points  out  that  the  Baltic  ports  in  former  times 
were  regions  of  the  concentration  of  adventive  plants  brought  by  ships 
together  with  their  ballast.  In  more  recent  times,  the  loading  of 
ballast  on  ships  having  been  entirely  discontinued,  all  this  flora  has 
disappeared,  with  the  exception  of  a  very  few  species,  such  as  Diplo- 
taxis  muralis  and  D.  tenuifolia.  Its  place  was  then  taken  by  a  different 
adventive  vegetation  distributed  along  the  railways,  at  grain  ele- 
vators, etc.  During  and  after  the  first  World  War  the  through  transit 
of  freight  from  Russia  into  the  Baltic  countries  almost  entirely  ceased, 
causing  the  disappearance  of  many  species  from  this  vegetation.  Dur- 
ing the  war  years,  1915-1917,  there  made  their  appearance  very  many 
new  adventive  plants  brought  together  with  provender  from  southern 
Russia.  After  a  few  years  these  newcomers  likewise  almost  completely 
disappeared,  being  crowded  out  by  species  of  the  local  flora,  that  again 
took  possession  of  their  former  habitats  as  soon  as  they  were  no  longer 
so  trodden  down  by  great  masses  of  men  and  horses. 

These  phenomena  of  the  sudden  disappearance  of  adventive  species 
that  had  already  apparently  acquired  full  rights  of  citizenship,  if  not 
within  the  local  flora,  in  any  case  within  the  limits  of  the  territory  culti- 
vated by  man  or  surrounding  his  dwelling  places,  may  be  ascribed  to 
the  incomplete  naturalization  of  these  plants.  The  occurrence  of  an 
extreme  variant  of  any  one  of  the  local  habitat  conditions  sufi&ces  to 
destroy  these  plants  altogether  or  to  injure  them  to  such  an  extent 
that  they  lose  out  to  their  competitors  in  the  struggle  for  existence. 

How  diverse  are  the  habitat  requirements  of  a  plant  and  how  difh- 
cult  it  is  for  us  at  once  to  understand  the  reason  for  its  incomplete 
naturalization  may  be  seen  from  the  following  two  examples  of  sterility 
in  cultivated  plants  reported  by  Cammerloher  (1927).  TImnbergia 
grandiflora  (of  the  family  Acanthaceae)  grows  wild  in  India,  where  it 
propagates  itself  freely.  In  Java,  on  the  other  hand,  where  it  was 
introduced  because  of  its  large,  beautiful  flowers,  it  never  fruited, 
despite  the  presence  of  the  necessary  pollinators.  Artificial  pollination 
also  proved  of  no  avail  This  seemingly  inexplicable  phenomenon 
found  its  explanation  in  the  fact  that  all  the  specimens  of  this  plant 
growing  in  Java  had  arisen  by  vegetative  propagation  from  a  single 
plant  brought  from  India  and,  consequently,  constituted  one  single 
"clone".  The  absence  of  fruits  was,  therefore,  due  to  the  self-sterihty 
of  this  clone,  which  was  proved  by  the  introduction  of  a  new  specimen 
from  India,  whose  pollen  induced  the  development  of  the  ovaries  of  the 
flowers  of  the  old,  hitherto  fruitless  specimens.  As  a  second  example 
let  us  take  Aristolochia  arborea,  three  specimens  of  which  were  brought 
from  Mexico  to  the  Buitenzorg  Botanical  Gardens  (Java).  In  their 
new  home  these  trees  flower  abundantly  during  almost  the  entire  year, 
but  they  fail  to  bear  any  fruit.  There  is  no  lack  of  pollinators,  and 
artificial  pollination  is  fully  successful.  The  cause  of  sterihty  in  this 
case  has  proved  to  be  the  fact  that  for  the  biological  development  of 
the  given  plant  the  climate  should  not  be  too  humid.  The  pistils  and 
stamens  complete  their  development  at  different  times,  the  former  a 
day  before  the  latter.  Observations  in  Java  of  the  flowers  at  the 
time  of  opening  showed  that,  when  first  open,  the  flowers  are  already 
in  the  second   (staminate)   stage  of  their  development,  while  at  the 
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pistillate  stage  they  are  always  closed.  This  is  ascribed  to  the  fact 
that  the  climate  in  Java  is  more  humid  than  in  Mexico,  the  home  of 
this  species,  this  greater  humidity  retarding  the  opening  of  the  flowers 
by  one  day.  Consequently,  at  the  moment  of  complete  development  of 
the  stigmas  the  flower  is  still  closed  and  insects  cannot  penetrate 
therein,  while  by  the  time  the  flower  opens  the  stigmas  are  already 
wilted  and  have  lost  their  receptivity. 

These  two  examples  sufi&ce  to  show  how  varied  and  precise  are  the 
biological  adaptations  of  plants  to  sundry  habitat  conditions  (very 
often  not  perceptible  to  us),  any  slight  alteration  in  which  may  make 
the  plant  incapable  of  a  normal,  independent  existence.  If  to  this  we 
add  the  unceasing  struggle  for  existence  and  the  competition  with  the 
indigenous  vegetation,  we  should  not  be  surprised  at  the  relatively 
small  number  of  those  species  introduced  by  man  for  cultivation  or  ac- 
companying him  in  his  migrations  that  become  fully  naturalized  com- 
ponents of  the  local  flora. 

This  explains,  for  instance,  the  fact  that  the  numerous  species 
dispersed  to  distant  regions  by  railways  very  rarely  spread  beyond  the 
roadbed  itself.  Thus,  Litvinov  (1926)  reported  the  finding  of  southern 
plants  along  the  Murmansk  Railway.  Some  of  them  grew  there  year 
after  year  for  a  considerable  number  of  years,  but  in  no  case  did  they 
spread  beyond  the  immediate  vicinity  of  the  railway  Hne  and  stations. 
The  fact  that  these  southern  plants  could  maintain  themselves  so  far 
north  over  a  period  of  years  must  undoubtedly  be  accounted  for  by  the 
presence  of  sand  sprinkled  along  the  roadbed  and  by  the  absence  of 
competition,  that  potent  factor  in  the  life  of  organisms. 

Similarly,  the  flora  of  Montpellier  has  been  enriched  to  only  a  very 
slight  extent  by  the  numerous  species  brought  in  with  the  wool  at 
Port  Juvenal.  According  to  Thellung  (1912),  the  number  of  species 
that  have  been  introduced  in  various  ways  by  man  into  the  flora  of 
Montpellier  beginning  with  the  sixteenth  century  is  not  over  107,  or 
3.8  per  cent  of  the  total  number  of  species  in  this  flora,  estimated  by 
him  to  be  2,792.  The  smallness  of  this  percentage  may  be  ascribed 
largely  to  competition  with  the  local  flora  and  the  latter's  fuU  occupa- 
tion of  the  available  territory,  factors  whose  importance  we  have 
already  stressed. 

Adventive  plants  are  ordinarily  able  to  spread  only  in  places  where 
the  natural  vegetation  has  been  destroyed  by  man  and  the  habitat 
conditions  to  which  the  plant  communities  formerly  dwelling  on  this 
territory  had  been  accustomed  have  been  altered.  EspeciaUy  favorable 
conditions  are  created  for  the  adventive  plants,  when  man,  cultivating 
his  land  year  after  year,  does  not  allow  the  local  vegetation  to  regain 
its  hold.  But  once  such  land  is  left  for  a  time  uncultivated,  there 
ensues  a  struggle  between  the  aliens  and  the  indigenes  that  usually  ends 
in  the  victory  of  the  latter.  It  is  precisely  the  destruction  of  the  in- 
digenous flora  and  the  marked  changes  in  habitat  conditions  caused  by 
man  that  make  possible  the  rapid  and  widespread  distribution  of 
adventive  vegetation  on  islands  and  on  those  territories  of  the  mainland 
newly  utilized  and  colonized  by  man,  for  it  is  in  such  places  that 
natural  plant  communities  are  destroyed  prior  to  cultivation  of  the 
land.    This  holds  particularly  true  in  those  cases  where  forests  are  cut 
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down  and  the  newly  introduced  vegetation  receives  a  habitat  with  rich, 
unexhausted  soil  and  without  competitors.  But  even  in  such  cases  the 
invaders  ordinarily  maintain  their  ascendancy  only  under  the  protection 
of  man,  who  does  not  allow  the  indigenous  vegetation  to  regain  its 
usurped  rights.  But  once  man  deserts  any  such  place  of  habitation, 
the  indigenous  vegetation  with  amazing  rapidity  returns  to  its  own, 
this  being  particularly  striking  in  forest  regions,  where  abandoned  culti- 
vated land  and  settlements  are  again  so  densely  covered  with  woods  as 
to  be  unrecognizable. 

Views  formerly  held  that  introduced  species  (aliens)  may  completely 
crowd  out  the  indigenous  vegetation  have,  after  detailed  studies  of  the 
resultant  interrelations,  been  discarded  as  erroneous.  Thus,  Allan 
(1936)  points  out  that  in  the  flora  of  New  Zealand  out  of  about  600 
aliens  only  48  may  be  regarded  as  serious  competitors  of  the  indigenes. 
These  48  include  28  from  the  Old  World,  7  from  Australia,  9  from  the 
Americas,  and  4  from  South  Africa.  These  species  have  a  localized 
distribution  limited  to  formations  modified  by  man  and  under  his 
constant  protection,  e.g.,  pastures.  If  such  vegetation  had  been  com- 
pelled to  develop  independently,  without  man's  protection,  the  in- 
digenes would,  undoubtedly,  have  crowded  out  the  aliens.  Allan 
concludes:  "We  are  left  with  the  result  that  only  some  half  dozen 
aliens  can  truly  be  said  to  have  suppressed  any  indigene^and  that 
very  locally"  (p.  191). 

Similar  and  extremely  interesting  data  have  been  reported  by 
Perkier  de  la  Bathie  (1932)  for  Madagascar.  The  total  number  of 
species  that  have  been  introduced  into  Madagascar  accidentally  or 
intentionally  by  man  is  524.  To  this  number  we  must  add  380  species 
alien  to  the  local  flora,  which  reached  the  island  as  a  result  of  natural 
factors  of  dispersal  or  the  manner  of  whose  entry  is  unknown  but  which 
are  distinguished  by  the  same  characters  as  the  flora  introduced  by 
man:  absence  in  indigenous  plant  communities,  occurrence  in  open 
associations  or  in  those  modified  by  man,  possession  of  characters 
alien  to  the  local  flora,  high  generic  coefficient  (ratio  of  number  of 
genera  to  number  of  species),  seeds  whose  wide  dissemination  is 
readily  possible.  Consequently,  the  total  number  of  species  alien  to 
the  flora  of  Madagascar  is  approximately  900,  a  very  large  number,  but 
this  is  not  surprising  when  we  recall  that  about  70  per  cent  of  the 
natural  vegetation  of  Madagascar  has  been  destroyed  by  man.  Of  all 
these  900  species,  however,  only  one,  Adenoslemma  viscosum,  has  gained 
a  foothold  in  natural  plant  communities  undisturbed  by  man.  This  is 
an  exceptionally  remarkable  and  important  fact. 

As  long  ago  as  1899  Flahault  emphasized  the  fact  that  the  boun- 
daries of  the  area  of  a  species  depend  on  environmental  conditions  to 
a  far  greater  degree  than  had  been  supposed  and  that  the  slightest 
deviation  in  these  conditions  may  threaten  the  existence  of  a  species, 
may  even  cause  it  to  suffer  annihilation  in  the  struggle  for  existence. 
This  explains  why  in  many  cases  adventive  vegetation,  apparently 
fully  naturalized,  ceases  to  bear  fruit  and  to  spread  independently  as 
soon  as  man  leaves  it  to  itself  and  deprives  it  of  his  direct  or  indirect 
protection. 
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Geographical  Limits  to  the  Distribution  of  Exotics:  —  There  are  a 
number  of  exotics  seemingly  unaffected  by  the  above-described  ob- 
stacles to  their  dispersal,  there  apparently  being  no  limit  to  their 
spread  over  the  globe.  Among  such  plants  found  in  Europe,  seemingly 
independent  of  the  laws  of  the  geographical  distribution  of  plants,  we 
may  mention:  Elodea  canadensis,  Amaranthus  retroflexus,  Impatiens 
paroiflora,  Veronica  Tournefortii,  V.  polita,  V.  agrestis,  Linaria  cym- 
balaria,  Solidago  serolina,  Erigeron  canadensis,  Xanthium  spinosum, 
Galinsoga  paruiflora,  and  several  American  species  of  asters.  But  more 
thorough  and  detailed  study  shows  that  even  in  the  case  of  such 
cosmopolitan  species,  despite  the  exceptionally  wide  range  of  their 
adaptability,  their  distribution  has  its  geographical  limits. 

Dr.  A.  I.  M.4LTSEV,  in  his  monograph  on  the  weeds  of  the  U.S.S.R. 
(1926),  has  assembled  considerable  data  on  the  geographical  distribu- 
tion of  weeds  and  exotics.  On  the  basis  of  many  years  of  investigation, 
Dr.  Maltsev  concludes  that  only  a  very  few  weed  species,  such  as 
Agropyrum  repens,  Capsella  bursa- pastoris,  Chenopodium  album,  and 
Taraxacum  officinale,  have  extensive  areas  of  distribution,  these  species 
being  characterized  by  numerous  forms  and  races  adapted  to  diverse 
habitat  conditions.  In  the  case,  for  instance,  of  Taraxacum  officinale, 
a  monographic  study  of  the  species  has  shown  it  to  be  a  coenospecies 
and  has  shown  the  need  of  dividing  it  not  only  into  various  races  but 
into  several,  separate  species.  It  may  be  that  this  will  also  be  found 
to  hold  true  for  the  other  species  we  have  just  enumerated. 

Most  weeds  have  more  limited  areas  of  distribution,  beyond  whose 
bounds  they  cannot  pass.  Thus,  wild  oats,  Avena  fatua  ssp.  septentrio- 
nalis,  is  distributed  only  in  the  northern  part  of  European  U.S.S.R., 
while  in  the  south  it  is  replaced  by  another  form,  Avena  fatua  ssp. 
fatua.  Many  weeds  are  confined  chiefly  to  the  Black  Soil  zone,  beyond 
whose  limits  they  rarely  extend  {e.g.,  Allium  rotundum,  Falcaria  Rivini, 
Vaccaria  parvijlora,  and  others) ;  outside  of  this  zone  they  appear  again 
only  in  the  Crimea  and  the  Caucasus.  Very  common  weeds  in  central 
regions  of  the  U.S.S.R.,  such  as  Cirsium  arvense,  Sonchus  arvensis,  and 
Agrostemma  githago,  are  replaced  in  the  southeast  by  entirely  different 
weeds.  The  extreme  south  has  its  own  weeds,  such  as  Centaurea  picris, 
various  species  of  Caucalis,  etc.  Weeds  of  the  forest  zone  in  passing 
to  steppe  regions  often  lose  their  weed  character.  Some  weeds,  such  as 
Centaurea  cyanus,  known  to  ancient  writers,  on  spreading  south,  even 
show  a  break  in  their  distribution,  disappearing  in  the  arid,  steppe 
zone  and  reappearing  in  the  Crimea  and  the  Caucasus  (Pachosky, 
1911;   KoROLEVA,  1930). 

Conclusions:  —  The  significance  of  man  in  changing  the  vegetation 
of  the  earth,  particularly  as  regards  disturbing  its  natural  state,  is  un- 
questionably immense;  his  role  in  the  distribution  of  plants  over  the 
globe  is,  no  doubt,  very  considerable,  but  it  is,  nevertheless,  greatly 
limited  by  the  specific  habitat  conditions  required  by  each  particular 
species  of  plant.  The  significance  of  man's  role  with  respect  to  the 
present  distribution  of  species  throughout  the  world  has  been  greatly 
exaggerated,  and  it  is  only  during  the  past  few  centuries  that  man's 
role"  has  acquired  the  importance  that  it  has.    Only  the  comparatively 
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recent,  extensive  development  of  ways  of  communication  and  the  con- 
stant movement  of  people  and  freight  from  region  to  region,  as  well  as 
the  expansion  of  the  cultivated  areas  and  the  introduction  into  culti- 
vation of  plants  from  distant  countries,  have  enabled  man  to  assume 
such  an  important  role  in  the  geographical  distribution  of  plants.  It  is 
entirely  clear  that  his  significance  in  bygone  centuries  becomes  less  and 
less.  Consequently,  there  can  be  no  doubt  that  for  an  explanation  of 
complex  problems  in  historical  plant  geography,  for  an  understanding 
of  the  present  areas  of  ancient  species  of  the  plant  kingdom,  and  for  the 
solution  of  problems  connected  with  discontinuous  areas  of  plants,  the 
activity  of  man  is  a  factor  of  altogether  too  recent  date.  In  all  those 
cases  where  it  can  be  established  that  any  given  changes  in  the  charac- 
ter of  an  area  were  induced  by  man's  activity,  their  relatively  recent 
nature  may  be  taken  for  granted. 
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Chapter  VIII 

NATURAL   FACTORS   IN   THE   GEOGRAPHICAL 
DISTRIBUTION   OF  PLANTS 

In  undertaking  a  study  of  the  geographical  distribution  of  plants, 
one  is,  first  of  all,  confronted  by  the  question:  Is  the  dispersal  of  a 
species  mass-like  in  character,  the  species  as  a  whole  gradually,  step 
by  step,  though  perhaps  unevenly,  covering  ever  new  territory  until 
some  barrier  puts  a  limit  to  its  spread,  or  is  its  dispersal  achieved  by 
sudden  spurts,  as  a  result  of  individual  plants  penetrating  into  distant 
localities  isolated  from  the  main  area?  In  the  first  case  discontinuous 
areas  could  result  only  from  the  dying  out  of  the  species  in  the  inter- 
vening territories  or  the  isolation  of  the  occupied  regions  due  to 
geological  causes,  and  such  areas  would,  consequently,  have  to  be 
regarded  as  relic.  In  the  second  case  the  cause  of  their  discontinuity 
would  be  the  chance  transport  of  plants  or  parts  of  plants,  such  as 
seeds,  a  great  distance  from  the  mother  plants. 

We  know  that  plants  possess  various  structural  adaptations  for  the 
dissemination  of  their  spores,  seeds,  and  fruits,  and  that  the  latter,  by 
means  of  these  adaptations  supplemented  by  various  natural  factors, 
such  as  wind,  sea  and  river  currents,  animals,  birds,  etc.,  may  be 
transported  a  considerable  distance  from  their  place  of  origin.  In  this 
connection,  however,  another  question  arises:  How  far  may  seeds  be 
carried  and  still  retain  their  germinating  power?  We  have  already 
noted  that  there  exists  a  limit  in  this  respect,  differing,  of  course,  for 
different  species.  In  order  to  arrive  at  some  conclusions  and  to  give 
an  answer  to  the  questions  we  have  just  put,  we  shall  now  take  up  the 
natural  factors  which  facilitate  the  dispersal  of  plants. 

Wind  as  a  Factor  in  the  Dispersal  of  Plants:  —  Atmospheric  move- 
ments induced  by  various  air  currents— especially  the  stronger  move- 
ments, winds — doubtless  facilitate  the  dissemination  of  spores  and 
seeds  for  considerable  distances  from  the  place  of  their  formation.  The 
lighter  atmospheric  currents  are  naturally  of  significance  only  for  the 
transfer  of  very  light  objects,  which,  by  reason  of  their  lightness,  re- 
main in  the  air,  as  if  suspended,  and  move  laterally  and  also  vertically 
at  the  sUghtest  movement  of  the  air. 

In  the  dispersal  of  cryptogams,  their  spores  being  exceptionally 
Hght,  even  slight  air  currents  may  play  a  big  role.  Falck  (1927)  found 
that  the  spores  of  Basidiomycetes  and  particularly  of  Ascomycetes,  owing 
to  the  turgor  of  the  cell-sap  at  the  time  of  maturation,  are  forcibly 
ejected  from  the  ascus,  and  that,  even  when  the  air  is  practically 
motionless,  these  spores  are  borne  upward  due  to  atmospheric  currents 
induced  by  temperature  conditions.  Subsequently,  winds  and,  in 
general,  the  stronger  horizontal  movements  of  the  air  aid  in  carrying 
them  over  considerable  distances. 

Members   of   the   staff   of   the   U.   S.   Department   of  Agriculture 
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(Stakman  el  al.,  1923)  made  some  interesting  observations  from  air- 
planes as  to  tiie  number  of  spores  in  the  upper  layers  of  air.  The 
spores  were  caught  on  ordinary  microscope  slides  smeared  lightly  with 
vaseline  on  one  side.  The  slides  were  exposed  for  a  definite  period  of 
time,  after  which  they  were  returned  to  the  sHde  box  to  be  analyzed 
later  in  the  laboratory.  The  observations  were  made  in  Texas  in  192 1 
in  different  months  of  the  year,  and  it  was  found  that  up  to  an  alti- 
tude of  11,000  feet  above  the  surface  of  the  earth  the  atmosphere  con- 
tains numerous  spores  and  pollen  grains,  as  many  as  10  being  caught 
on  a  slide  exposed  for  5  minutes,  while  still  higher  (observations  were 
made  at  altitudes  as  high  as  16,500  feet)  no  more  that  one  or  two  were 
caught  on  a  slide  exposed  for  10  minutes.  At  low  altitudes,  say  1,000 
feet  above  the  surface  of  the  earth,  as  many  as  450  were  caught  on 
sHdes  exposed  for  20  or  30  minutes. 

For  flowering  plants  such  slight  atmospheric  currents  cannot  be  of  as 
much  significance,  since  their  seeds,  even  the  very  smallest,  are  too 
heavy  to  remain  suspended  in  the  air.  Stronger  air  currents  are  needed 
for  their  dispersal,  it  being  understood,  of  course,  that  the  distance 
seeds  may  be  transported  by  wind  from  the  place  of  their  origin  de- 
pends on  the  velocity  of  the  wind,  on  the  size  and  weight  of  the  seeds, 
on  whether  or  not  they  possess  special  adaptations  for  flight,  and  on 
the  effectiveness  of  these  adaptations. 

The  transport  by  wind  not  only  of  seeds  but  even  of  small  animals 
and  other  objects  for  considerable  distances  has  been  observed  on 
numerous  occasions.  We  shall  cite  a  few  instances,  taken,  for  the  most 
part,  from  a  review  of  the  literature  on  this  subject  made  by  Beguinot 
(191 2).  VisiANi  described  the  transport  by  wind  into  Mesopotamia  of 
considerable  quantities  of  various  parts  of  Lecanora  esculenta;  Kold- 
WEG  found  leaves  off  the  coast  of  Greenland  15  km.  from  the  shore; 
SvERDRUP  found  leaves  of  cereals  on  the  polar  ice  at  a  great  distance 
from  any  land.  Vogler  (1901)  reports  several  cases  of  the  transport 
of  leaves  into  the  upper  altitudes  of  the  Swiss  Alps,  considerably 
higher  than  the  forest  line.  Thus,  beech  leaves  were  found  at  an  alti- 
tude of  2,490  m.,  10  km.  from  the  nearest  habitat  of  beeches,  and 
leaves  of  Alnus  viridis,  Sorbus  aria,  willows,  etc.  at  an  altitude  of 
2,585  m.,  15-20  km.  from  the  nearest  trees.  In  the  Alps  on  the  Franco- 
Swiss  boundary  (on  the  summit  of  Les  Cornettes  de  Bise)  Beauverd 
observed  on  the  snow  at  an  altitude  of  2,439  ^-  beech  leaves  and  maple 
samaras,  the  nearest  habitat  of  such  trees  being  4  km.  away  and  about 
1,000  m.  lower.  Mirbel  reports  the  wind-transport  into  Spain  of  seeds 
of  plants  growing  on  the  northern  shore  of  Africa.  Wallace  tells  of 
large  quantities  of  seeds  of  some  unknown  species  of  Salix  being 
carried  into  Shanghai  by  the  wind.  Warming  found  on  the  eastern 
shore  of  Jutland  faded  flowers  and  fruits  of  species  of  Calluna  and 
Erica,  blown  by  the  wind  across  the  Cattegat  from  Sweden. 

Vogler  (1901)  devoted  a  special  paper  to  the  problem  of  the 
significance  of  wind  in  the  distribution  of  alpine  vegetation.  From  his 
statistical  study  of  the  flora  of  Switzerland  he  found  that  among  true 
alpine  species  59.5  per  cent  possess  adaptations  for  the  wind-dispersal 
of  their  seeds  or  fruits,  while  among  non-alpine  species  this  percentage 
is  only  37.9.    Another  interesting  conclusion  made  on  the  basis  of  the 
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data  of  this  study  is  that  in  the  Alps  the  higher  the  altitude,  the  lower 
the  percentage  of  species  possessing  adaptations  for  the  dissemination  of 
their  seeds  or  fruits  by  animals  and  the  higher  the  percentage  of  wind- 
dispersed  species. 

These  data  fully  suffice  to  assure  us  that  seeds  and  fruits  are  dis- 
persed by  the  wind  and  that  by  strong  winds  they  may  be  borne  for  a 
considerable  distance  from  the  place  of  their  formation.  This  conclu- 
sion is  beyond  dispute.  Other  questions,  however,  arise:  To  what 
extent  are  such  seeds  capable  of  germinating  and  taking  root  under 
the  new  conditions?  Over  what  distances  may  seeds  be  borne  by 
wind?  What  significance  does  wind  have  as  a  factor  in  the  "saltatory" 
dispersal  of  plants  (dispersal  to  widely  separated  locahties),  i.e.,  as  a 
factor  in  the  discontinuous  distribution  of  plants?  Unfortunately,  we 
have  very  few  concrete  data  as  to  the  transport  of  seeds  and  fruits  by 
wind,  and  indirect  proofs  or  data  that  are  not  exact  are  always  subject 
to  dispute.  This  accounts  for  the  wide  divergence  of  opinion  with 
respect  to  the  evaluation  of  the  significance  of  wind  in  the  transport  of 
seeds  over  great  distances. 

Among  investigators  ascribing  great  significance  to  wind  in  the 
dispersal  of  seeds  and  considering  that  discontinuous  areas  may  arise 
as  a  result  of  the  transport  of  seeds  by  wind  is  Vogler,  who  in  the 
work  already  cited  lists  twelve  concrete  facts  of  such  dispersal.  Ac- 
cording to  data  presented  by  him,  seeds  have  been  borne  by  the  wind 
over  mountain  peaks  more  than  2,000  m.  in  height;  horizontally,  the 
maximum  distances  noted  by  him  for  the  wind-transport  of  seeds  are: 
25  km.  for  Cardamine  resedifolia,  9  km.  for  Galeopsis  speciosa,  3  km.  for 
Serratula  rhaponticum  and  Arabis  turrita.  Despite  the  great  signifi- 
cance ascribed  by  Vogler  to  wind  in  the  dispersal  of  plants,  we  find 
even  in  his  own  conclusions  small  grounds  for  his  belief  in  the  important 
role  of  wind  in  the  origin  of  discontinuous  areas.  Thus,  he  concludes 
(p.  75)  that  the  transport  of  seeds  by  wind  for  great  distances,  even  for 
hundreds  of  kilometers,  is  possible,  but  practically  such  long-distance 
wind-transport  plays  a  very  limited  role  in  the  dispersal  of  plants;  of 
great  significance  is  the  wind-transport  of  seeds  up  to  40  km.  and  also 
such  transport  over  high  mountain  ranges. 

Vogler's  work,  therefore,  as  he  himself  points  out,  proved  irref- 
utably the  significance  of  wind  as  a  factor  in  the  gradual  dispersal  of 
plants,  particularly  as  regards  the  invasion  of  territory  with  land  as  yet 
unoccupied  by  vegetation,  such  as  inaccessible  cliffs  and  canyons. 
However,  as  a  proof  of  the  "saltatory"  dispersal  of  plants,  as  an  aid  to 
an  understanding  of  discontinuous  areas,  it  contributed  nothing,  since 
the  isolated  habitats  mentioned  by  him  either  are  located  at  relatively 
short  distances  from  one  another,  or  are  clearly  of  a  chance  nature,  or 
may  be  fully  explained  by  the  local  topography  of  the  area. 

Let  us  now  examine  the  arguments  of  those  investigators  who  con- 
sider that  the  wind  plays  an  insignificant  role  in  the  dissemination  of 
seeds  over  great  distances.  Alphonse  de  Candolle,  in  his  "Geogra- 
phic Botanique",  pointed  out  that  wind  is  often  a  factor  in  the  dis- 
persal of  plants  to  the  extent  of  transporting  their  seeds  within  the 
Umits  of  their  habitats  or  to  adjacent  territories.  In  many  cases  the 
seeds  ahght  in  places  where  their  growth  and  further  development  is 
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impossible,  in  consequence  whereof  they  are  doomed  to  perish,  but 
sometimes,  due  to  a  sudden  change  in  conditions,  seeds  accumulated 
perhaps  over  a  period  of  years  and  lying  dormant  suddenly  find  it 
possible  to  develop.  This  may  occur,  for  example,  when  a  forest  is  cut 
down,  when  there  may  be  observed  the  unexpected  development  of  a 
number  of  species  that  formerly  could  not  grow  in  this  forest  but 
whose  seeds  were  borne  each  year  into  the  forest  and  to  a  partial  ex- 
tent remained  inviolate  and  preserved  their  ability  to  germinate.  In 
mountainous  regions  the  wind  carries  seeds  over  hills  and  mountain 
passes,  wafting  them  to  considerable  heights,  whence  they  fall,  how- 
ever, at  not  a  great  distance  from  the  mother  plants.  Thus,  according 
to  HxJMBOLDT,  BoussiNGAULT  saw  sccds  lifted  by  the  wind  to  a  height 
of  5,400  m.,  whence  they  again  fell  not  far  from  their  original  loca- 
tion. 

But,  notwithstanding  such  irrefutable  facts,  de  Candolle  doubts  that 
seeds  are  borne  by  the  wind  over  great  distances.  He  never  heard,  for 
instance,  of  seeds  being  carried  by  winds  from  England  to  France  or 
from  Ireland  to  England;  he  never  had  proof  of  the  transport  by  wind 
of  seeds  from  Africa  to  Sardinia,  from  Sardinia  to  Corsica,  or  from 
Corsica  to  the  shores  of  the  mainland  near  Genoa  or  Nice,  despite  the 
force  of  the  south  winds  prevailing  there.  He  bases  his  conclusions 
also  on  other  authorities  on  the  problem  of  the  dispersal  of  plants,  such 
as  GussoNE,  GoDRON,  and  Lyell,  and  also  on  the  testimony  of  sailors, 
who  observed  the  transport  by  wind  of  winged  insects  or  dust  to  the 
decks  of  ships  but  never  saw  seeds.  Hurricanes,  such  as  rage,  for 
example,  over  the  Antilles  or  along  the  Chinese  coast,  must,  of  course, 
also  carry  with  them  numerous  seeds  and  even  fruits,  but  these  hurri- 
canes are,  for  the  most  part,  purely  local  in  character  and  revolve  in  a 
circle  whose  diameter  is  not  very  large.  An  important  point  made  by 
DE  Candolle  is  that  wind  can  be  of  great  significance  in  seed  dis- 
persal only  in  case  of  their  mass  accumulation,  which  never  occurs. 

Kerner  (1871;  1 891)  noted  that  on  sunny,  windless  days  numerous 
plumed  seeds  and  fruits  are  borne  aloft  to  a  considerable  height  by 
ascending  air  currents.  He  tried  to  determine  the  number  of  such 
seeds  and  counted  during  one  minute  as  many  as  280  seeds  floating  past 
him  and  rising  in  a  current  of  air,  so  that  it  may  be  presumed  that  the 
total  number  of  such  seeds  borne  upward  by  atmospheric  currents 
during  a  single  day  amounts  to  several  millions.  Nevertheless,  for  the 
dispersal  of  plants  over  great  distances  this  has  no  significance,  since 
after  sunset  these  seeds  and  fruits  again  alight  not  far  from  the  place 
whence  they  were  lifted.  Kerner  further  points  out  that  in  some 
plants  the  special  adaptations  for  flight  remain  attached  to  the  fruits 
or  seeds  only  during  the  first  flight;  once  the  latter  have  alighted, 
these  adaptations  fall  off.  This  is  true  particularly  in  the  case  of 
pine  seeds,  which  after  they  have  once  alighted  are  no  longer  able 
to  fly;  it  also  holds  true  in  the  case  of  many  Compositae,  whose 
plumed  achenes,  drifting  with  the  wind,  at  the  slightest  collision 
with  some  obstacle  become  detached  from  their  plumes  and  fall  to  the 
ground. 

Ridley  (1930,  pp.  131-2)  points  out  that,  in  the  case  of  plumed 
fruits,  in  measuring  the  distance  to  which  they  may  be  carried  by  the 


Chapter  VIII  —119—  Natural  Factors 

wind,  it  is  necessary  to  distinguish  between  the  transport  of  the  downy 
plumes  alone  and  the  transport  of  plumes  still  bearing  the  seeds  or 
achenes.  Records  of  distant  flights  refer  chiefly  to  the  plumes  alone; 
as  to  how  far  they  flew  with  the  fertile  achenes  still  attached  data  are 
entirely  lacking. 

Ilyinsky  (1933)  thus  records  his  observations  on  the  wind-dispersal 
of  spruce  seeds  {Picea  excelsa)  in  the  upper  Volga  Basin:  "Seeds  once 
fallen  to  the  ground  did  not  move  any  farther  at  all  or  made  but  very 
short  hops,  the  entire  distance  between  them  and  the  mother  tree  being 
measured  at  the  most  in  tens  of  meters."  According  to  Schmidt 
(1918),  the  distance  to  which  seeds  and  fruits  provided  with  special 
adaptations  for  flight  may  be  carried  by  the  wind  is  not  more  than  a 
few  kilometers  and,  in  some  cases,  not  over  a  few  meters,  e.g.,  the 
birch — 1.6  km.,  the  maple — 0.09  km.,  and  the  ash — 0.02  km. 

Bentham  (1873)  points  out  that  the  role  of  wind-borne  seeds  in  the 
dispersal  of  species  of  Compositae,  according  to  data  assembled  by  him, 
is  less  than  in  the  Leguminosae,  Labiatae,  and  other  families  not 
possessing  any  adaptations  for  seed  dissemination.  His  investigations 
showed  that  only  60  species  of  this  family,  i.e.,  not  over  0.67  per  cent 
of  the  entire  number  of  its  species,  are  characterized  by  "saltatory" 
dispersal  by  whatever  agency,  including  accidental  transport  by  man, 
while  the  other  99.33  per  cent  of  the  species  either  remained  within  the 
limits  of  their  initial  areas  or  spread  farther  by  a  gradual  extension  of 
their  area. 

Discussing  the  wind  as  a  factor  in  the  geographical  dispersal  of 
seeds,  particularly  of  the  Compositae,  Bentham  confirms  the  conclusion 
of  DE  Candolle  and  Kerner  as  to  the  inability  of  plumes  to  bear 
fruits  over  great  distances,  especially  over  the  sea.  A  very  strong  wind 
cannot  carry  them  farther  than  two  or  three  miles,  due  to  the  fact  that, 
once  the  plumes  encounter  humid  atmosphere,  they  become  stuck  to- 
gether, causing  the  fruits  to  fall  to  the  ground,  whence  they  are  only 
very  rarely  borne  farther  by  the  wind.  Thus,  plumes  can  transport 
seeds  only  short  distances  from  the  mother  plants,  and  the  only  way  in 
which  they  might  facilitate  the  migration  of  species  is  by  accidentally 
aiding  the  seeds  being  blown  into  streams,  bales  of  goods,  or  soil 
carried  as  ballast,  whence  they  might  be  carried  much  farther.  That 
the  role  of  plumes  in  plant  migration  is  of  slight  significance  is  indi- 
cated also  by  the  fact  that  of  the  60  species  mentioned  above  as  char- 
acterized by  "saltatory"  dispersal  only  22  or  23,  or  about  one-third, 
have  plumes,  whereas  over  two-thirds  of  the  species  of  Compositae  are 
provided  with  them. 

Ridley  (1930;  pp.  71  and  130),  despite  his  strong  tendency  to 
ascribe  to  natural  factors  and  particularly  the  wind  very  great 
significance  in  the  dispersal  of  plants,  writes  that  winged  fruits  and 
seeds  are  carried  by  the  wind  for  only  a  relatively  short  distance,  "not 
more  than  i  mile  or  so". 

On  the  basis  of  the  foregoing  data  we  feel  fully  justified  in  con- 
cluding that  the  wind  is  a  very  important  factor  in  the  dissemination 
of  seeds  over  short  distances  but  has  little  significance  in  their  trans- 
port over  long  distances,  and  that,  consequently,  most  discontinuous 
areas  cannot  be  explained  by  its  action. 
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Water  as  a  Factor  in  the  Dispersal  of  Plants:  —  Adaptations  for  the 
dispersal  of  plants  by  water  are  possessed  chiefly  by  plants  living  in  or 
near  water;  nevertheless,  due  to  the  ability  to  float  of  most  fruits, 
seeds,  and  other  parts  of  plants,  it  is  quite  probable  that  they  may  be 
dispersed  by  water.  We  should,  however,  draw  a  clear  distinction  be- 
tween the  dispersal  of  aquatic  and  terrestrial  plants.  As  regards  the 
former,  their  dispersal  by  means  of  water— sea-currents,  rivers,  etc.— 
is  obvious  and  does  not  require  any  special  proof.  With  respect  to 
terrestrial  plants,  however,  we  can  only  assume  the  possibility  of  their 
dispersal  by  sea  and  river  currents,  floating  islands,  ice-cakes,  etc.  We 
shall  consider  each  of  these  modes  of  dispersal  separately. 

I.  Sea-Currents.  ~  As  early  as  1605  CLUsros  and,  somewhat  later 
(1696),  Sloane  published  papers,  in  which  they  directed  attention  to 
fruits  borne  by  Atlantic  Ocean  currents  to  the  shores  of  Scotland, 
Ireland,  and  the  Orkney  Islands.  Linneaus  wrote  about  fruits  and 
seeds  of  plants  borne  by  the  Gulf  Stream  from  the  American  tropics 
(apparently  from  the  Antilles)  to  the  shores  of  Norway.  Since  those 
times  numerous  authors  have  cited  analogous  facts  of  the  dispersal  of 
seeds,  fruits,  and  other  parts  of  plants,  even  floating  trees,  but  we  need 
not  enumerate  them  here  (for  further  details  see  Hemsley,  1885, 
Ridley,  1930,  and  others). 

Nevertheless,  the  question  as  to  whether  or  not  sea-dispersed  seeds 
can  germinate,  establish  themselves,  and  serve  for  the  further  dispersal 
of  the  plants  was  at  first  scarcely  touched  upon.  One  of  the  first  to 
give  it  serious  attention  was  Darwin.  He  made  a  number  of  experi- 
ments which  showed  that  seeds  of  many  plants  after  prolonged  im- 
mersion in  sea  water  preserve  their  ability  to  germinate.  Despite  the 
favorable  data  that  he  obtained  from  these  experiments  (which,  it 
should  be  noted,  were  quite  primitive  and,  hence,  not  very  convincing), 
his  conclusions  on  this  point  are  far  from  indicating  definite  conviction 
even  on  his  part.  As  he  puts  it,  "The  floras  of  distant  continents 
would  not  by  such  means  become  mingled;  but  would  remain  as 
distinct  as  they  now  are"  ("Origin  of  Species",  6th  ed.,  1911,  p.  514)- 
Interesting  experiments  were  also  made  by  G.  Thuret  (cited  by 
DE  Candolle)  on  the  ability  of  seeds  to  preserve  their  germinating 
power  after  prolonged  immersion  in  sea  water.  Out  of  the  many  seeds 
that  he  tested  only  those  of  ten  plants  survived  and  preserved  their 
ability  to  germinate.  Thuret,  and  also  de  Candolle,  came  to  the  con- 
clusion that,  with  the  exception  of  plants  accustomed  to  grow  on  sandy 
shores,  it  is  diflicult  to  presume  that  seeds  borne  by  sea  currents  could 
find  suitable  conditions  for  their  development  and  multiplication. 

Hemsley  (1885,  p.  42)  fists  the  seeds  of  over  120  species  of  plants 
(belonging  to  48  families)  dispersed  by  sea  currents.  In  particular, 
with  respect  to  the  Bermuda  Islands,  he  considers  that  45  species  of 
their  flora  are  of  such  origin.  But,  despite  the  undoubted  significance 
of  sea  currents  in  the  dissemination  of  seeds,  especially  as  regards  the 
stocking  of  islands  devoid  of  vegetation,  such  as  coral  islands,  there  are 
facts  showing  that  in  some  cases  these  currents  have  not  played  the 
r61e  as  a  factor  in  the  geographical  distribution  of  plants  attributed  to 
them.  As  an  example  we  may  take  the  coco  palm,  a  typical  Uttoral 
plant.     Its  wide  range  within  the  tropical  zone  and  the  ability  of  its 


Chapter  VIII  —121—  Natural  Factors 

fruits  to  protect  its  seeds  for  a  long  time  from  injury  by  sea  water 
would  suggest  that  sea  currents  probably  played  an  important  role  in 
the  dispersal  of  this  palm.  This  is  supported  by  the  fact,  for  instance, 
that  great  numbers  of  these  palms  were  already  growing  on  the  Cocos- 
Keeling  Islands,  in  the  Indian  Ocean,  at  the  time  of  man's  first  settle- 
ment there,  in  1827.  It  is  strange,  on  the  other  hand,  that  the  coco 
palm,  which  grows  on  the  Pacific  coast  of  Central  America,  is  not 
found  on  the  nearby  Galapagos  Islands,  which  lie  in  the  very  path  of 
the  sea  currents  passing  from  the  shores  of  America  and  bearing  vari- 
ous seeds  to  the  shores  of  these  islands.  Likewise  there  are  few  or  no 
coco  palms  on  the  Molucca  Islands.  These  facts  have  led  most  in- 
vestigators to  believe  that,  although  coconuts  are  doubtless  trans- 
ported by  sea  currents,  this  is  not  sufficient  to  insure  that  their  seeds 
take  root  in  their  new  abode.  Coconuts  simply  lying  on  the  surface  of 
the  soil  seldom  germinate;  in  order  to  germinate,  they  need  to  be 
imbedded  in  the  soil.  Consequently,  the  distribution  of  this  palm  on 
certain  islands  of  the  Pacific  Ocean  must  have  been  due  to  their  having 
been  originally  planted  there  by  man  (Hemsley,  I.e.,  p.  306).  This 
latter  point  of  view  is  upheld  also  by  Cook  (igoi),  who  cites  a  number 
of  striking  facts  showing  that  the  coco  palm  could  not  possibly  owe  its 
distribution  to  dispersal  by  sea  currents.  Beccari  (1916),  on  the  other 
hand,  believes  that  sea-dispersal  of  the  coco  palm  is  not  beyond  the 
range  of  possibility. 

Another  interesting  example  of  the  fact  that  the  mere  transfer  of 
seeds  to  new  places  is  inadequate  to  establish  with  certainty  that  the 
seeds  germinated  and  that  the  area  of  the  given  plant  was  thus  en- 
larged is  Lodoicea  sechellarum,  which  grows  exclusively  on  the  shores  of 
the  Seychelles  Islands.  Prior  to  1743,  when  these  islands  were  dis- 
covered, only  the  enormous  nuts  of  this  palm  were  known,  found 
floating  in  the  sea  or  on  the  shores  of  India  and  of  the  Malay  Archi- 
pelago, particularly  the  Maldives  (Hooker,  1827).  Despite  the  fact 
that  the  fruits  of  this  palm  have  been  carried  such  great  distances  by 
sea  currents,  it  grows  nowhere  except  on  the  Seychelles  Islands. 

Among  various  other  investigations  of  this  question  we  wish  to 
mention  those  of  Schimper  (1908)  on  the  adaptations  of  fruits  for 
floating  and  the  resistance  to  the  action  of  sea  water  possessed  by 
seeds  of  plants  inhabiting  the  shores  of  the  islands  of  the  Malay  Archi- 
pelago. On  the  basis  of  his  observations  he  listed  about  100  species  of 
sea-dispersed  plants.  From  his  study  of  mangroves  growing  on  the 
shores  of  tropical  Africa  he  found  that  the  species  composition  on  the 
eastern  and  western  shores  was  entirely  different.  All  species  of  the 
western  shore  are  found  also  in  the  West  Indies,  while  the  mangroves 
of  the  eastern  shore  comprise  elements  from  the  East  Indies.  This 
circumstance  he  ascribes  to  the  strong  sea  currents  passing  these 
shores. 

Hock  (1901),  having  studied  the  distribution  of  littoral  plants  along 
the  shores  of  northern  Germany,  divides  them  into  three  groups  and 
arrives  at  the  conclusion  that  the  plants  in  the  first  of  these  groups, 
including  exclusively  littoral  plants,  were  dispersed  along  these  shores 
when  the  distribution  of  land  and  sea  was  the  same  as  at  present.  As 
regards  the  other  two  groups,  steppe  plants  and  arctic-alpine  plants,  in 


E.  V.  Wulff  —122—         Historical  Plant  Geography 

order  to  explain  their  present  distribution  along  these  shores,  he  finds  it 
necessary  to  seek  historical  causes  and  to  presume  the  existence,  at  the 
time  of  their  invasion  of  the  region,  of  a  different  distribution  of  land 
and  sea  and  of  different  climatic  conditions  than  those  now  prevailing. 
Ridley  (1930)  notes  that  "nearly  all  sea-dispersed  plants  belong  to 
genera  which  have  a  large  number  of  terrestrial  inland  species,  and  that, 
as  a  rule,  there  are  only  one  or  two  species  which  are  adapted  for  sea- 
dispersal"  (p.  250). 

2.  Rivers  and  Streams.  —  The  transport  of  fruits,  seeds,  and  other 
parts  of  plants  by  rivers  and  streams,  flowing  from  mountains  and  hills 
into  valleys  and  plains,  is  well  known.  Instances  are  not  uncommon  of 
fruits  and  seeds  that  have  been  borne  by  rivers  for  exceedingly  great 
distances — from  the  mountains  down  to  the  very  sea.  Beguinot  (191 2) 
found,  over  a  territory  two  kilometers  in  extent,  among  the  debris 
washed  down  to  the  mouth  of  the  Tiber  River  cyclamen  tubers  and 
seeds  of  as  many  as  twenty-five  different  species  of  plants. 

Rivers  undoubtedly  also  play  an  important  role  in  the  seeding  of 
inundated  meadows  and,  in  general,  of  flood  plains  at  times  of  high 
water.  Keller  (1922),  on  the  basis  of  a  study  of  the  debris  left  by 
the  Voronezh  River  (southeast  of  Moscow)  after  the  spring  floods, 
recorded  a  considerable  number  of  river-borne  fruits  and  seeds,  e.g., 
the  fruits  of  Aristolochia  dematitis,  Iris  pseudacorus,  Rumex  crispus, 
several  species  of  sedges,  etc.  An  anatomical  study  of  these  fruits 
showed  that  they  possessed  various  adaptations  for  dispersal  by 
floating. 

3.  Glaciers,  Icebergs,  and  Ice-Cakes.  —  The  transport  of  large  stones, 
boulders,  and  clumps  of  earth  by  glaciers  and  floating  ice-cakes  has  long 
been  known.  This  led  Lyell  to  put  the  question  as  to  the  possibility 
of  the  chance  transport,  in  this  way,  of  seeds,  a  mode  of  transport  that 
might  presumably  have  been  of  widespread  significance  during  the  Ice 
Age.  This  view  was  at  first  very  widely  held,  it  being  considered 
possible,  for  instance,  to  explain  in  this  way  the  stocking  of  oceanic 
islands  located  far  from  the  mainland. 

At  the  present  time,  the  role  of  ice  as  a  factor  in  the  geographical 
distribution  of  plants  is  regarded  with  considerable  skepticism,  despite 
the  fact  that  glaciers  may,  of  course,  carry  seeds  from  mountains  into 
the  valleys  at  their  feet.  This  was  formerly  taken  as  grounds  for  ex- 
plaining the  occurrence  of  mountain  plants  in  far-distant  valley  habi- 
tats as  the  result  of  their  seeds  having  been  transported  there  by 
glaciers  during  the  Ice  Age.  The  supposition  of  Christ  (1882)  that 
during  the  Ice  Age  mosses  and  certain  ferns  (e.g.,  Asplenium  septen- 
trionale)  were  dispersed  by  means  of  erratic  boulders,  based  on  the 
fact  that  these  plants  are  now  found  on  such  boulders,  was  shown  by 
Amann  (1894)  to  be  untenable.  The  latter  investigator  studied  the 
various  species  of  mosses  growing  on  such  boulders,  and  he  found  that 
they  comprise  chiefly  those  species  which  avoid  a  lime  substratum  and 
which,  therefore,  have  settled  on  these  granite  boulders  as  being  the 
only  habitats,  due  to  the  limy  character  of  the  mountainsides  in  the 
Alps  and  the  Juras,  that  correspond  to  their  biological  needs.  More- 
over, the  data  on  the  distribution  of  these  species  show  that  among  the 
species  dwelling  on  erratic  boulders  there  is  not  one  real  alpine,  high- 
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mountain  species  and  only  a  very  few  subalpine  species  and  these  such 
as  are  found  also  at  lower  elevations,  while  there  are  a  considerable 
number  of  species  that  are  found  at  all  elevations  and,  hence,  are  not 
capable  of  furnishing  any  data  that  might  give  a  clue  to  their  origin. 
Consequently,  Amann  came  to  the  conclusion  that  the  mosses  found  on 
erratic  boulders  in  Switzerland  cannot  serve  as  proof  of  the  transport 
by  glaciers  of  the  seeds  of  alpine  plants  from  mountains  to  plains 
during  the  Ice  Age.  It  is  much  more  probable  that  they  invaded  the 
plains  later  during  the  course  of  the  present  geological  period. 

Pettersson  (1929)  investigated  the  plants  growing  on  erratic  blocks 
(boulders)  near  Helsingfors,  and  he  came  to  the  conclusion  that  these 
plants  belong  to  the  surrounding  flora.  Seeds  from  this  flora,  borne 
thither  by  wind  or  other  agents,  germinated  on  these  huge  boulders 
after  the  latter  had  arrived  at  their  present  location. 

The  foregoing  suffices  to  illustrate  the  undoubted  significance  of 
water,  in  its  different  manifestations,  as  a  factor  in  the  dispersal  of 
plants  (see  also  Gtjppy,  1917)  along  sea  and  lake  shores  and  river 
banks,  but  it  does  not  provide  an  adequate  basis  for  establishing  the 
possibility  of  the  transport  of  plants  for  any  great  distance  inland. 
Even  in  those  cases  when  seeds  are  borne  by  sea  currents  for  great 
distances,  this  rarely  has  any  significance  in  the  founding  of  new, 
isolated  habitats  of  these  plants. 

AxPHONSE  DE  Candolle  corrcctly  emphasized  the  fact  that,  though 
rivers  may  bear  the  seeds  and  fruits  of  plants  from  the  Alps  into  the 
plains  or  for  considerable  distances  from  north  to  south  or  from  south 
to  north,  they  often  bring  them  to  regions  where  they  cannot  establish 
themselves.  This  holds  true  also  for  sea  currents,  which  may  carry 
seeds  for  immense  distances.  But  even  if  such  seeds,  despite  prolonged 
immersion  in  sea  water,  preserve  their  germinating  power,  they  play, 
from  a  phytogeographical  point  of  view,  a  very  insignificant  r61e. 
Sea  currents  usually  do  not  flow  parallel  to  the  equator,  and  so  often 
the  seeds  are  borne  into  regions  where  the  climatic  conditions  are 
entirely  alien  to  them,  not  to  mention  the  fact  that  one  or  two  seeds 
are  in  most  cases  quite  inadequate  for  a  plant  to  become  naturalized 
and  establish  itself  as  a  component  part  of  an  already  existing  vege- 
tation. 

Animals  as  a  Factor  in  the  Dispersal  of  Plants:  —  That  animals 
play  an  important  role  in  the  dispersal  of  plants  is  beyond  doubt. 
Nevertheless,  it  is  clear  that  in  most  cases  seeds  are  borne  by  animals 
over  comparatively  short  distances.  For  an  elucidation  of  the  question 
interesting  us — the  possibility  of  explaining  discontinuous  areas  of 
species  by  the  chance  transport  of  seeds — only  a  few  kinds  of  animals, 
chiefly  birds  and,  to  some  extent,  fish  (that  carry  seeds  of  water 
plants),  are  of  any  significance.  Hence,  we  shall  consider  primarily  the 
role  of  birds  in  the  dispersal  of  plants.  The  significant  role  that  birds 
may  play  in  the  dispersal  of  plants  has  been  pointed  out  time  and  again, 
beginning  with  Theophrastus,  who  noted  that  the  mistletoe  {Viscum 
album)  is  dispersed  by  birds. 

Birds  may  serve  in  two  ways  for  the  distribution  of  seeds  over  great 
distances:     (/)    evacuation    of    undigested    seeds    with    their   excreta 
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(endozoic  dispersal);  and  (2)  transport  of  seeds  by  adhesion  to  the 
feathers,  feet,  or  other  parts  of  their  bodies  (epizoic  dispersal).  As 
examples  of  the  first  type  we  may  take  the  facts  reported  by  Darwin 
in  his  "Origin  of  Species".  During  two  months  he  found  in  his  garden 
in  the  excrement  of  small  birds  the  seeds  of  twelve  different  species, 
some  of  which  later  germinated.  Nevertheless,  as  Darwin  points  out, 
he  did  not  once  observe  a  case  of  "nutritious  seeds"  passing  through 
the  intestines  of  a  bird  uninjured.  In  this  connection  the  duration  of 
time  that  a  bird  retains  seeds  in  its  crop  is  of  significance.  After  a 
bird  has  devoured  a  large  number  of  seeds,  they  only  gradually  pass 
into  the  gizzard,  so  that  some  of  the  seeds  lie  uninjured  in  the  crop 
for  as  much  as  12-18  hours.  During  this  time  a  bird  might,  if  driven 
by  a  gale,  cover  a  distance  of  500  miles.  When  birds  of  prey  fall 
upon  such  exhausted  birds,  "the  contents  of  their  torn  crops  might 
thus  readily  get  scattered"  ("Origin  of  Species,"  6th  ed.,  1911,  p.  510). 
Darwin  also  cites  (I.e.,  pp.  511-512)  a  number  of  instances  of  the 
finding  of  seeds  in  cakes  of  earth  adhering  to  the  feet  and  legs  of  birds. 
He  even  cites  such  an  extraordinary  case  as  that  of  obtaining  from  one 
lump  of  earth,  weighing  6K  oz.,  taken  from  the  leg  of  a  partridge  sent 
to  him,  seed  that  after  a  lapse  of  three  years  produced  82  plants, 
12  monocotyledons  and  70  dicotyledons,  the  latter  belonging  to  at  least 
three  different  species.  Despite  our  confidence  in  Darwin,  it  is  very 
hard  to  believe  that  such  a  large  number  of  seeds  could  have  adhered 
to  the  leg  of  a  bird  by  natural  means. 

Hemsley  (1885)  was  likewise  incHned  to  ascribe  much  significance 
to  birds  as  a  factor  in  the  dispersal  of  plants.  He  denies  the  possibility 
of  the  transport  of  seeds  in  this  way  over  great  distances,  as  Guppy 
assumes  to  be  possible  (5,000-6,000  miles),  but  he  considers  it  very 
probable  that  birds  may  carry  seeds,  for  example,  from  one  island  of 
the  Polynesian  group  to  another.  Birds  and  sea  currents  together  play 
an  important  role  in  the  stocking  of  islands,  particularly  coral  islands, 
which  otherwise  would  be  deprived  of  vegetation  and,  consequently, 
would  be  uninhabitable.  The  Bermuda  Islands,  in  particular,  owe  their 
vegetation,  to  a  considerable  degree,  to  these  two  factors.  Hemsley 
gives  a  list  of  38  species  of  swamp  plants,  the  seeds  of  which  might  be 
borne  by  birds  together  with  particles  of  mud  adhering  to  their  feet, 
and  13  other  species  of  plants  with  fleshy  fruits  that  might  be  trans- 
ported endozoically  by  birds. 

Nevertheless,  it  is  impossible  to  regard  these  facts  as  universal, 
and  there  are  a  considerable  number  of  cases  when  the  isolated  habitats 
of  a  species  may  be  explained  only  by  the  former  existence  of  a  land- 
bridge  connecting  these  widely  separated  parts  of  an  area.  As  an 
example,  Hemsley  cites  Phylica  niiida  of  the  family  Rhamnaceae, 
which  has  an  extensive  range,  embracing  a  number  of  widely  separated 
islands,  such  as  Tristan  da  Cunha,  Reunion  (Bourbon),  Mauritius, 
Amsterdam,  and,  perhaps,  Madagascar.  The  character  of  the  distri- 
bution and  the  distance  separating  one  station  from  another  is  such 
as  scarcely  to  give  grounds  for  presuming  the  chance  dispersal  of  this 
plant  by  birds. 

Kerner  (1898)  conducted  an  extensive  series  of  experiments  on 
feeding  16  species  of  birds  with  the  seeds  of  250  different  species  of 
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plants.     He  found  that  the  birds  tested  might  be  divided  into  three 
groups : 

1.  Birds  which  crush  everything,  even  the  hardest  fruits  and  seeds, 
in  their  gizzards.  When  picking  up  seeds  from  the  ground,  they  usu- 
ally crack  and  discard  their  outer  coats  or  shells  and  destroy  the 
embryos.  In  the  droppings  of  these  birds  there  was  not  once  found  a 
single  seed  capable  of  germination. 

2.  Birds  which  leave  hard  seeds  uncrushed,  the  stones  and  hard 
seeds  of  fleshy  fruits  passing  uninjured  through  their  intestines,  while 
soft  seeds  and  fruits  are  destroyed.  In  the  droppings  of  these  birds, 
after  feeding,  there  were  found  cherry  stones  as  large  as  15  mm.  in 
diameter,  all  of  which  proved  to  have  retained  their  germinating 
power. 

J.  Birds  swallowing  small  seeds  but  regurgitating  seeds  of  a  diam- 
eter of  3-5  mm.  or  over.  A  peculiarity  of  this  group  of  birds  is  the 
great  rapidity  with  which  seeds  pass  through  the  intestines.  The  seeds 
of  Samhucus  nigra  are  evacuated  by  these  birds  after  only  half  an  hour 
and  those  of  Rihes  petraeum  after  three-quarters  of  an  hour,  while 
other  seeds  require  not  more  than  iK  to  3  hours.  As  many  as  75-80 
per  cent  of  these  seeds  germinate. 

On  the  basis  of  these  experiments  Kerner  came  to  the  conclusion 
that  hard  seeds  and  fruits  could  scarcely  be  endozoically  disseminated 
by  birds,  since,  as  they  pass  through  the  bird's  gizzard,  they  are  usu- 
ally ground  up.  Although  this  does  not  hold  true  in  the  case  of  the 
seeds  of  fleshy  fruits,  here  we  have  a  different  obstacle  to  their  wide 
dispersal,  viz.,  the  short  time  that  they  remain  in  the  crop  and  in- 
testines of  the  birds  that  devour  them.  Hence,  Kerner  concluded  that 
plants  with  fleshy  fruits  may  be  dispersed  by  the  aid  of  birds  in  a 
single  year  not  more  than  for  several  miles  and  only  during  a  long 
period  of  years  might  gradually  be  so  dispersed  over  an  extensive 
territory. 

As  regards  the  dispersal  of  seeds  by  birds  carrying  them  on  the  sur- 
face of  their  bodies,  Kerner  considers  this  quite  possible,  but  he  is  of 
the  opinion  that  the  number  of  plants  so  spread  is  not  great.  They 
embrace,  for  the  most  part,  shore  and  swamp  plants,  particularly,  as 
Kerner  established  by  personal  observation,  small,  annual  plants. 

Marloth  ascribes  to  birds  of  passage  the  transport  of  seeds  of 
northern  plants  across  the  equator  into  South  Africa.  On  the  other 
hand,  the  Danish  ornithologist  Winge  (cited  by  Schroter,  1934), 
having  investigated  thousands  of  birds  of  passage  that  had  killed 
themselves  by  flying  into  Danish  lighthouses,  found  that  without 
exception  they  had  empty  stomachs  and  that  not  a  single  one  had 
seeds  or  fruits  adhering  to  their  feathers,  beaks,  or  feet.  Grxjnbach 
and  MosELEY  ascribe  to  the  albatross  and  to  many  species  of  birds 
belonging  to  the  genera  Porcellana  and  Puffiniis,  that  make  their  nests 
in  dense  vegetation  and  make  annual,  long,  trans-oceanic  flights,  an 
important  role  in  the  dissemination  of  seeds.  Werth,  on  the  other 
hand,  reports  that  on  such  birds,  flying  to  Kerguelen  Island,  he  did 
not  once  find  any  seeds  or  fruits  adhering  to  their  bodies,  and  he  con- 
cludes that,  if  any  had  so  adhered,  they  had  been  washed  off  in  the 
ocean  when  the  birds  alighted  to  rest. 
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BiRGER  (1907)  investigated  170  birds  of  more  than  35  species  with 
the  aim  of  finding  seeds  or  small  cakes  of  earth  containing  seeds  ad- 
hering to  the  surface  of  their  bodies  (feet,  legs,  feathers),  but  he  did 
not  find  a  single  case  of  such  adhesion.  As  regards  the  endozoic  dis- 
persal of  seeds  by  birds,  he  found  in  the  stomachs  of  the  birds  viable 
seeds  of  over  40  species  of  plants,  but  he  was  not  inclined  to  ascribe 
great  significance  to  this  mode  of  seed  dispersal  because  of  the  very 
short  time  that  seeds  remain  in  the  digestive  tract  of  a  bird.  For  this 
conclusion  he  found  further  confirmation  in  the  fact  that  the  percentage 
of  species  with  fleshy  fruits  in  the  flora,  for  instance,  of  Sweden  is  very 
insignificant.  If  one  leaves  Rosa  and  Ruhus  out  of  consideration, 
species  of  the  latter  being  concentrated  only  in  southern  Sweden,  the 
number  of  species  with  fleshy  fruits  in  the  flora  of  Sweden  will  be  only 
4.3  per  cent.  The  percentage  is  somewhat  higher,  if  one  includes 
fleshy-fruited  epiphytes  growing  in  Sweden  and  Norway  and  also  on 
islands  that  have  recently  appeared  due  to  a  lowering  of  the  level  of 
the  sea.  For  instance,  Birger  found  that  on  an  island,  which  had 
existed  as  such  for  only  four  years,  out  of  112  flowering  plants  there 
were  only  5  species  with  baccate  or  drupaceous  fruits,  but  on  an  island 
that  had  appeared  above  the  level  of  the  water  ten  years  previously, 
out  of  177  flowering  plants  there  were  7  such  species  and  a  22-year-old 
island  out  of  191  flowering  plants  there  were  18  species  with  edible 
fruits.  From  these  data  Birger  arrives  at  the  conclusion  that,  in  the 
case  of  newly  stocked  territory,  species  with  fleshy  fruits  form  a  con- 
siderable percentage  and  this  may  be  ascribed  to  the  role  of  birds  in  the 
introduction  of  seeds. 

Unfortunately,  however,  there  has  not  been  reported  a  smgle  actual 
observation  of  the  transport  by  birds  of  the  seeds  of  any  plant  that 
subsequently  succeeded  in  establishing  itself  and  extending  its  range  m 
the  new  habitat.  All  the  available  data  with  respect  to  this  as  to 
other  kinds  of  plant  dispersal  by  natural  factors  have  the  defect  that 
they  cover  only  separate  phases,  only  separate  links  in  the  process  of 
seed  dispersal.  Thus,  we  know  that  some  seeds  pass  through  the 
intestines  of  birds  uninjured,  retaining  their  germinating  power;  we 
know,  in  some  cases,  the  length  of  time  seeds  remain  in  a  bird's  di- 
gestive tract;  we  know  the  rate  and  direction  of  flight  of  many  birds- 
yet  no  one  has  traced,  nor  could  have  traced,  the  fate  of  seeds  de- 
voured by  birds  before  a  flight.  Consequently,  all  the  proofs  pro  and 
con  bear  a  purely  conjectural  and  very  superficial  character.  The 
only  thing  that  we  can  affirm  with  assurance  is  that,  as  regards  the 
seeds  of  a  very  few  plants,  chiefly  swamp  and  littoral  plants,  it  may  be 
presumed  that  they  might  be  carried  by  birds  to  a  new  locality  and 
take  root  there. 

Significance   of   Natural   Factors  in  the  Distribution   of   Plants:  — 

Having  discussed  each  of  the  principal  natural  factors  in  plant  dis- 
persal, we  may  now  pass  to  a  consideration  of  the  problem  as  a  whole 
and  attempt  to  find  an  answer  to  the  question:  Can  natural  factors  in 
plant  dispersal  explain  all  the  peculiarities  in  the  present  distribution  of 
plants  over  the  earth's  surface,  or  are  there  other  causes  that  have  induced 
discontinuities  in  their  distribution? 
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In  the  plant  as  in  the  animal  kingdom,  there  exists  a  natural  ten- 
dency toward  multiphcation  and  the  winning  over  of  ever  new  terri- 
tory for  the  progeny.  To  quote  Darwin  {I.e.,  p.  79),  "Every  organic 
being  naturally  increases  at  so  high  a  rate,  that,  if  not  destroyed,  the 
earth  would  soon  be  covered  by  the  progeny  of  a  single  pair.  .  .  . 
Linnaeus  has  calculated  that  if  an  annual  plant  produced  only  two 
seeds — and  there  is  no  plant  so  unproductive  as  this — and  their 
seedlings  next  year  produced  two,  and  so  on,  then  in  twenty  years  there 
would  be  a  million  plants".  Careful  calculations  made  by  Kerner 
have  shown  that  every  year,  on  the  average,  one  plant  of  Sisymbrium 
Sophia  produces  730,000  seeds,  Nicotiana  Tabacum — 360,000,  Erigeron 
canadense — 120,000,  Capsella  bursa- pasioris — 64,000,  Plantago  major — 
14,000,  Raphanus  raphanistrum — 12,000,  and  Hyoscyamus  niger — 
10,000.  Each  of  these  seeds  may  give  rise  the  next  year  to  a  new 
plant,  and  each  of  these  plants  is  capable  of  producing  the  indicated 
number  of  seeds. 

In  the  lower  plants  the  number  of  spores  formed  by  one  individual 
plant  is  far  greater.  Ridley  (1930,  p.  64)  gives  the  following  data  on 
the  number  of  spores  produced  by  a  single  fungus:  — 

Psalliota  (Agaricus)  campestris 1,800,000,000 

Coprinus  comatus 5,000,000,000 

Polyponts  squamosiis 11,000,000,000 

Lycoperdon  Bomsla 7,000,000,000,000 

At  such  a  rate  of  multiplication,  even  taking  into  account  the  small 
percentage  of  individuals  surviving,  if  natural  factors  in  plant  dis- 
persal really  had  as  much  significance  as  many  ascribe  to  them  and 
the  plants  dispersed  in  this  fashion  could  readily  become  established  in 
the  new  localities  and  spread  farther,  the  vegetation  of  the  globe, 
within  the  limits  of  the  same  chmatic  zones,  would  be  quite  homo- 
geneous. 

In  addition  to  the  foregoing  arguments,  we  can  cite  a  number  of 
other  circumstances  that  compel  us  to  be  very  cautious  in  evaluating 
the  significance  of  chance  factors  in  the  distribution  of  plants.  First  of 
aU,  it  should  be  stressed  that  the  various  adaptations  for  the  transport 
of  fruits  and  seeds  very  often  do  not  facilitate  the  dispersal  of  plants  as 
much  as  might  be  expected.  As  we  noted  previously,  Bentham  has 
shown  that  those  species  of  Compositae  having  plumed  fruits  are  not, 
by  any  means,  the  most  widely  distributed  species  of  this  family. 
Similarly,  according  to  the  same  authority,  such  adaptations  possessed 
by  the  fruits  of  Compositae  as  hooked  formations,  spines,  viscid  exu- 
dations, etc.,  to  which  are  usually  ascribed  very  great  significance,  on 
close  investigation  prove  not  to  play  such  an  important  role.  Many  of 
the  spiny  Compositae,  such  as  Acanthospermum,  have  a  comparatively 
limited  area.  Species  of  the  genus  Echinospermum  (of  the  family 
Boraginaceae)  with  prickly  fruits  are,  as  a  rule,  less  widely  distributed 
than  those  of  the  genus  Myosotis  with  smooth  fruits.  Similarly,  the 
burdock,  Arctium  lappa  (of  the  Compositae),  characterized  by  fruits 
with  armed  bracts  or  burrs,  has  a  considerably  more  restricted  range 
than  Cirsium  aroense. 

As    another   example,    we    may    take    Chermezon's    investigation 
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(1924)  on  the  dissemination  of  the  seeds  of  certain  sedges.  He  found 
that  in  the  fruits  of  some  species  of  the  family  Cyperaceae  there  exists  a 
special  sponge -like  tissue  (the  cells  of  which  are  filled  with  air)  serving 
as  an  aid  in  floating.  About  thirty  species  of  this  family  were  sub- 
jected to  study,  and  these  were  divided  into  the  three  following  groups: 
(i)  those  with  fruits  incapable  of  floating  or  capable  of  floating  for  a 
very  short  time;  (2)  those  with  fruits  capable  of  floating  for  a  medium 
length  of  time;  and  (3)  those  with  fruits  capable  of  floating  for  a  pro- 
longed period.  It  was  found  that  the  species  with  fruits  entirely  in- 
capable of  floating  have  the  most  extensive  areas  of  distribution. 
Here,  it  seems,  there  must  be  taken  into  consideration  a  number  of 
other  factors,  such  as  germination  and  taking  root  of  seeds,  adaptation 
to  new  habitat  conditions,  etc.,  which  it  is  impossible  to  gauge  pre- 
cisely. 

Moreover,  those  that  are  wont  to  take  recourse  in  chance  factors  as 
an  explanation  of  all  difiiculties  encountered  in  understanding  the 
present-day  distribution  of  plants  do  not  take  the  trouble  to  ascertain 
whether  or  not  there  exist  the  sea  currents  which,  in  their  opinion, 
carried  the  seeds  to  the  necessary  place  and  whether  or  not  they  pass 
in  the  proper  direction  for  such  carriage,  or  to  ascertain  the  time  and 
routes  of  flight  of  birds  of  passage,  whether  the  beginning  of  flight 
coincides  with  the  ripening  of  the  fruits  and  seeds  of  the  plants  under 
consideration,  whether  the  birds  fly  at  such  a  time  precisely  to  that 
place  where  these  seeds  must  be  carried,  or  whether  this  period  of 
fruiting  coincides  with  their  flight  in  the  opposite  direction. 

Whenever  alleged  cases  of  the  responsibihty  of  chance  factors  of 
seed  dispersal  for  the  distribution  of  plants  have  been  thoroughly  in- 
vestigated, they  have  been  proved  to  have  no  foundation  in  fact.  For 
example,  we  may  take  the  critical  analysis  which  Staff  (1894)  made 
of  the  species  in  the  flora  of  Mt.  Kinabalu  (Borneo).  The  flora  of  this 
mountain  is  composed  of  species  growing  Hkewise  not  only  on  other 
islands  of  the  Indian  Ocean  as  far  away  as  New  Guinea  but  also  in  the 
Himalayas.  As  a  result  of  this  analysis,  Staff  came  to  the  conclusion 
that  neither  birds  nor  present-day  physiographic  factors  can  serve  to 
explain  the  combination  of  species  growing  on  Mt.  Kinabalu.  He 
found  that  the  higher  the  altitude,  i.e.,  the  more  untouched  by  man 
the  vegetation,  the  greater  the  number  of  endemics,  and  that  there 
was  no  correlation  whatsoever  between  the  number  of  endemics  and  the 
possibilities  for  dispersal  due  to  the  possession  of  special  adaptations. 
It  would  seem  that  where  there  was  a  greater  number  of  plants  having 
such  adaptations  for  dispersal,  there  should  have  been  fewer  endemics, 
but  in  many  cases  the  reverse  was  true. 

It  was  formerly  supposed  that  the  lower,  spore-bearing  plants, 
whose  spores  are  so  easily  dispersed  by  the  wind,  must  have  an  ex- 
ceptionally extensive  geographical  distribution.  However,  the  more 
their  habitats  have  been  subjected  to  study,  the  more  it  has  been  found 
that  such  plants  are  localized  in  definite  areas,  their  distribution  paral- 
leling that  of  the  flowering  plants.  Similarly,  if  the  chance  transport  of 
seeds  over  great  distances  was  of  such  decisive  significance,  this  should 
be  particularly  reflected  in  the  distribution  of  aquatic  plants,  especi- 
ally of  angiosperms  living  in  the  ocean  or  in  large  bodies  of  fresh  water. 
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But  even  in  their  case  a  study  of  their  geography  reveals  that  it  is  char- 
acterized by  definite  regularities  (Ascherson,  1905;  Setchell,  1935). 
This  has  been  confirmed  by  a  number  of  papers  on  the  geography 
of  lichens  (Degelius,  1935;  Schindler,  1936-1938;  Minayev,  1936, 
1938;    SuzA,  1925),  mosses  (Herzog,  1926),  and  ferns  (Christ,  1910). 

Barriers  to  Dispersal:    Their  Influence  on  Plant  Distribution:  — 

It  is  necessary  to  draw  particular  attention  to  the  existence  and  signif- 
icance of  barriers  (physiographic,  climatic,  edaphic,  biotic)  to  the  dis- 
persal of  plants,  barriers  which  are  often  insuperable  even  in  case  of  the 
slow,  gradual,  age-long  advance  of  plants. 

1 .  Physiographic  Barriers.  —  Among  the  barriers  hindering  a  plant's 
free  dispersal  over  the  globe  physiographic  barriers  are  of  major  im- 
portance. Chief  among  these  are,  for  terrestrial  plants,  bodies  of  water, 
primarily,  of  course,  seas,  and,  for  aquatic  plants,  bodies  of  land. 
Kerner  (1898)  correctly  points  out  that  a  considerable  number  of 
American  plants  found  their  way  to  Europe  not  by  being  carried  over 
by  birds  of  passage  nor  by  the  aid  of  sea  or  atmospheric  currents  but 
simply  by  man's  intervention,  and  that  the  boundaries  set  by  the  sea 
are  actually  insuperable  but,  at  the  same  time,  temporary,  i.e.,  of 
significance  only  as  long  as  the  present  distribution  of  land  and  sea  is 
preserved.  If  at  any  time  a  land-bridge  had  arisen  connecting  Europe 
and  America,  many  plants  could  have  migrated  over  this  bridge,  and 
the  plants  which,  as  is  known,  found  their  way  from  America  to  Europe 
with  man's  aid  might  have  spread  thither  without  his  assistance  and 
become  distributed  throughout  Europe.  Environmental  conditions 
would  no  more  have  hindered  their  establishment  in  Europe  than  they 
did  after  their  introduction  by  man.  Precisely  the  opposite  takes 
place,  i.e.,  migration  of  land  plants  is  stopped  when  two  regions 
formerly  united  {e.g.,  Spain  and  North  Africa)  become  separated  by  the 
juncture  of  two  water  basins  (in  the  given  case,  the  Mediterranean  Sea 
and  the  Atlantic  Ocean). 

Another  major  obstacle  in  the  way  of  the  dispersal  of  plants  we  find 
in  mountains,  the  vegetation  on  the  opposite  sides  of  a  mountain  range 
often  being  sharply  distinct.  Mountains,  besides  constituting  a  purely 
mechanical  barrier,  hinder  the  dispersal  of  plants  as  a  result  of  the 
efifect  they  produce  on  climatic  conditions.  Even  in  case  seeds  are 
accidentally  carried  from  one  side  of  a  mountain  range  to  the  other, 
the  differences  in  climate  create  for  the  immigrant  plants  habitat  con- 
ditions to  which  they  have  not  been  accustomed. 

2.  Climatic  Barriers.  —  Climatic  conditions  constitute  one  of  the 
chief  factors  in  the  distribution  of  plants  over  the  earth's  surface,  de- 
termining in  most  cases  the  limits  of  the  distribution  of  species.  Due 
to  the  close  dependence  of  plants  on  climatic  conditions,  climatic  and 
vegetation  zones  closely  correspond.  The  ability  to  become  adapted  to 
entirely  different  habitat  conditions  is  exceedingly  limited,  in  conse- 
quence of  which  climatic  boundaries  constitute  very  real  barriers  to 
plant  dispersal.  It  should  be  noted  that  in  this  regard  not  only  is  the 
climate  as  a  whole  of  significance  but  each  separate  climatic  factor. 
In  some  cases  the  major  role  is  played  by  temperature  conditions;  in 
others  by  the  length  of  day   (short-  and  long-day  plants);    in  stiU 
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others  by  the  humidity  of  the  air  (some  plants  cannot  withstand  a  dry 
atmosphere  and  perish  even  when  there  is  adequate  soil  moisture; 
others  cannot  endure  a  humid  atmosphere).  Hence,  a  plant  acciden- 
tally brought  into  a  region  characterized  by  climatic  conditions  unsuited 
to  it  will  be  unable  to  develop  and  will  be  doomed  to  perish,  even  if  its 
seeds  germinate. 

3.  Edaphic  Barriers.  —  What  we  have  just  said  about  climatic 
conditions  holds  true  for  other  habitat  conditions,  particularly  edaphic 
conditions,  such  as  the  physical  and  chemical  structure  of  the  soil,  soil 
humidity  and  temperature,  etc.,  which  in  combination  or  separately 
may  constitute  a  barrier  to  the  spread  of  a  species  or  limit  its  range  to 
only  those  localities  characterized  by  certain  definite  conditions. 

The  foregoing,  however,  are  not  all  the  difficulties  that  a  species 
must  overcome  in  its  conquest  of  new  territories.  Synecology,  or  the 
science  of  the  interrelations  of  plants  in  plant  communities,  has  shown 
us  what  great  significance  such  interrelations  have  in  the  distribution 
of  plants.  As  Braun-Blanquet  (1928)  has  emphasized,  the  chief 
difference  between  plant  and  animal  communities  is  that  the  former 
are  characterized  by  a  struggle  for  existence  not  limited  by  any  prin- 
ciples of  usefulness,  division  of  labor,  communal  toil,  or  by  any  other 
factors  arising  from  the  conscious  activity  of  organisms  forming  part 
of  a  biocoenosis. 

This  struggle  for  existence,  or  competition  between  separate  species 
and  individual  plants,  is  comparatively  insignificant  in  so-called  "open 
associations",  on  sands,  cliffs,  and  solonchak  soils,  where  the  vegetation 
does  not  form  a  continuous  carpet  but  is  spotted,  with  larger  or  smaller 
unoccupied  spaces  between  the  plants.  But  here  habitat  conditions  are 
usually  so  specific  and  unfavorable  that  only  a  few  species  are  adapted 
to  them.  In  other  localities,  where  edaphic  and  physiographic  condi- 
tions are  more  favorable,  the  vegetation  forms  "closed  associations", 
the  members  of  which  utilize  every  bit  of  soil,  every  ray  of  sun.  In 
such  associations  competition  between  the  plants,  with  respect  to  space, 
light,  and  food,  constitutes  a  very  characteristic  feature.  There  is  no 
call  for  us  here  to  enter  into  a  discussion  of  the  problem  of  the  struggle 
for  existence  in  the  plant  world.  If  we  have  touched  upon  this  prob- 
lem, it  has  been  only  with  the  aim  of  pointing  out  that  even  among 
the  members  of  a  given  association,  as  a  result  of  natural  selection  and 
the  struggle  for  existence,  there  survive  only  an  insignificant  percentage 
of  the  progeny,  and  that,  consequently,  the  chances  of  a  new,  would-be 
member  that  happened  to  spring  up  there  from  an  accidentally  intro- 
duced seed  to  gain  full  citizenship  rights  in  such  a  closed  association 
are  almost  nil. 

The  foregoing  facts  make  it  necessary  to  regard  quite  skeptically 
the  statements  of  old  authors  who  but  slightly  delved  into  these 
problems  in  plant  life  (phytosociology)  and  also  those  of  modern  authors 
who  exaggerate  the  significance  of  chance  factors  in  the  distribution  of 
plants  over  the  globe.  We  believe  that  we  have  made  it  sufficiently 
clear  that  it  is  practically  impossible  for  an  accidentally  introduced 
seed  to  give  life  to  a  plant  that  can  enter  into  the  composition  of  an 
alien  association.  In  order  for  a  plant  to  become  established  in  an 
entirely  new  region,  special  conditions  are  necessary,  viz.,  territory  suit- 
able for  plant  life  but  unoccupied  or  not  fuUy  occupied  by  other  plants. 
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Stocking  of  Unoccupied  Territories:  —  Territories  unoccupied  by 
vegetation,  if  we  exclude  those  places  where  plant  life  is  impossible,  no 
longer  exist  on  the  globe.  The  entire  surface  of  the  earth,  every  spot 
where  conditions  are  at  all  fit  for  the  existence  of  organisms,  is  in- 
habited. But  unoccupied  areas  may  arise  as  a  result  of  chance,  catas- 
trophic circumstances — alluvial  deposits  destroying  the  vegetation 
buried  beneath  them,  avalanches,  volcanic  eruptions  covering  huge 
areas  with  ash  and  lava,  upheaval  of  land  from  beneath  the  surface  of 
the  sea — or  as  a  result  of  the  destruction  of  vegetation  by  man. 

According  to  Comes,  the  first  plants  that  made  their  appearance  on 
the  Vesuvian  lava  fields  after  they  had  become  cooled  were  unicellular 
Algae,  next  came  lichens,  then  mosses  and  ferns,  and,  lastly,  the  flower- 
ing plants.  Hence,  it  appears  that  for  the  higher,  flowering  plants  to 
become  established  it  is  necessary  that  sterile  soils  should  first  be  sub- 
jected to  certain  changes  brought  about  by  the  activities  of  lower 
organisms  (Chevalier  and  Guenot,  1925).  Ulbrich  (1928)  watched 
for  a  number  of  years  the  invasion  by  plants  of  a  former  gravel  pit 
near  Berlin.  This  pit  was  abandoned  in  1894  and  during  the  subse- 
quent years  was  gradually  invaded  by  plants.  In  1900  there  were 
found  on  its  territory  109  species,  including  50  cryptogams;  by  1903 
there  were  already  268  flowering  plants  and  113  cryptogams;  by  1922 — 
a  total  of  959  species,  of  which  429  were  flowering  plants.  Most  of  the 
latter  were  plants  whose  seeds  and  fruits  are  wind-dispersed.  A  large 
number  of  the  plants  belonged  to  species  that  grew  in  the  surrounding 
territory,  but  there  were  also  many  that  grew  only  at  a  distance  of 
150  km.  from  the  place  of  observation. 

Very  often,  when  a  territory  is  deprived  of  its  plant  covering  by 
some  catastrophe,  there  at  first  appears  on  it  a  very  homogeneous 
vegetation,  sometimes  arising  as  a  result  of  the  rapid  spread  of  a  single 
species,  which  subsequently  begins  to  die  out  as  a  result  of  competition 
between  its  own  individual  plants  and  then,  little  by  little,  is  crowded 
out  by  the  later  comers  that  gradually  put  in  their  appearance.  An 
interesting  case  of  such  a  rapid  spread  of  a  single  species  is  reported  by 
MoLiscH  (1927),  who  observed  it  immediately  after  the  1923  earth- 
quake in  Japan.  In  Tokyo  the  trunks  of  the  trees  along  the  sides  of 
the  street  and  in  the  parks,  due  to  the  widespread  fires  throughout  the 
city,  were  badly  charred,  and,  consequently,  aU  the  epiphytic  vegeta- 
tion on  them  was  destroyed.  This  territory,  free  of  competitors,  was 
very  rapidly  inhabited  by  the  fungus,  Monilia  sitophila,  which  soon 
covered  all  the  charred  tree  trunks.  Ordinarily  this  fungus  is  rarely 
encountered  in  Japan,  Molisch  having  found  it  only  infrequently  on 
discarded  ears  of  corn  lying  on  damp  ground. 

An  interesting  example  of  the  stocking  of  unoccupied  territory,  not 
far  distant  from  occupied  land,  is  provided  by  the  Aland  Islands.  The 
entire  process  of  the  colonization  of  these  islands  by  plants  was  sub- 
jected to  detailed  study  by  Palmgren  (1922,  1925,  1929),  who  found 
that  such  a  process  depends  on  the  size  of  the  territory  being  colonized 
and  the  biological  peculiarities  of  the  immigrant  species.  The  upheaval 
of  these  islands  began  in  the  post-glacial  period  and  is  still  in  progress, 
in  the  course  of  each  century  the  surface  of  the  islands  rising  higher  by 
about  0.5-0.6  m.      Consequently,  we  have  here,  as  a  result  of  this 
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secular  land-rise,  a  rare  opportunity  to  study  the  relatively  recent 
stocking  of  virgin  territory.  Moreover,  the  study  of  the  history  of  the 
vegetation  of  these  islands  is  of  added  interest,  since  the  gradual  up- 
lifting of  territories  from  the  sea  cannot  but  have  significance  as  regards 
the  composition  and  character  of  the  flora,  which  undoubtedly  would 
have  been  quite  different  had  the  upheaval  of  the  islands  taken  place 
all  at  once.  These  circumstances  create  a  wide  field  for  the  study  of 
the  gradual  development  of  a  plant  covering  and  the  distribution  of 

species. 

As  a  result  of  his  investigations,  Palmgren  found  that  there  existed 
a  correlation  between  the  number  of  species  and  the  size  of  the  terri- 
tory occupied.  In  the  region  studied  by  him  he  found  three  categories 
of  territories:  (i)  the  smallest,  characterized  by  153-164  species; 
(2)  territories  3-4  times  as  large  as  those  in  the  first  category  and 
having  202-203  species;  and  (3)  territories  twice  as  large  as  those  in 
the  second  category  and  having  210-216  species.  Hence,  it  follows 
that  a  definite  territory,  provided  certain  conditions  hold  true,  is  char- 
acterized by  a  definite  number  of  species,  or,  in  other  words,  that  the 
larger  the  territory,  the  greater  the  number  of  species.  What  is  the 
cause  of  this  correlation  between  the  size  of  a  territory  and  the  number 
of  species  inhabiting  it?  Palmgren  considers  it  to  be  simply  the  ab- 
sence of  free  space  for  a  greater  number  of  species.  Any  given  terri- 
tory may  embrace  only  a  definite,  limited  number  of  species.  Plants 
invading  a  territory  already  occupied  by  the  maximum  number  of 
species  that  it  can  maintain  are  confronted  by  a  closed  association 
barring  entrance  to  new  elements. 

What  determines  precisely  one  and  not  another  combination  of 
species  colonizing  a  given  territory?  Palmgren  (1929)  considers  the 
most  important  factor  to  be  chance.  The  species  that  reach  a  given 
territory  first,  due  either  to  certain  adaptations  they  possess  or  to  some 
other  reasons,  have  an  advantage  over  late  comers  in  gaining  a  foothold 
in  that  territory.  Hence,  though  the  number  of  species  in  a  given  terri- 
tory is  more  or  less  fixed,  which  particular  species  will  inhabit  it  is 
indefinite,  depending  on  which  species  chance  to  invade  the  territory 
first.  These  results  arrived  at  by  Palmgren  have  been  confirmed  by 
Valovirta  (1937),  who  conducted  similar  investigations  on  the  Quar- 
ken  Islands  in  the  Gulf  of  Bothnia. 

The  regularities  established  by  these  investigators  with  respect  to 
the  limited  number  of  species  that  may  occupy  a  definite  territory  do 
not  arise,  however,  solely  by  chance,  since  they  must  necessarily  de- 
pend also  on  the  ecological  conditions  in  the  territory  being  colonized, 
as  Eklund  (1931)  has  pointed  out  in  his  criticism  of  Palmgren's 
conclusions.  Nevertheless,  the  data  presented  by  Palmgren  are  of 
interest,  since  they  make  clear  the  difficulties  that  a  species  dispersed 
by  natural  factors  must,  under  present-day  conditions,  overcome,  in 
case  it  encounters  a  plant  community  already  possessing  its  full  quota 
of  species.  They  provide  yet  another  proof  of  the  insignificance  of 
natural  factors  in  the  dispersal  of  plants  over  great  distances,  except 
in  those  cases  when  the  plants  chance  to  come  upon  unoccupied  terri- 
tory that  for  some  reason  or  other  has  not  yet  been  colonized. 

For  the  study  of  the  resurrection  of  vegetation  destroyed  as  a  result 
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of  a  volcanic  eruption  Krakatau  has  been  considered  a  particularly 
suitable  subject.  Observations  on  the  revegetation  of  this  island  have 
already  been  made  for  over  50  years,  as  a  result  of  which  there  have 
been  accumulated  many  scientiiic  papers  devoted  to  it.  In  recent  years 
there  have  appeared  two  extensive  works  (Ernst,  1934;  Docters 
VAN  Leeuwen,  1936),  reviewing  the  results  of  these  investigations. 
Krakatau,  one  of  the  Sunda  Isles  in  the  Malay  Archipelago,  is  a  vol- 
canic island,  approximately  14  sq.  mi.  in  area  and  located  25  mi.  from 
Java  and  23  mi.  from  Sumatra.  In  1883,  as  a  result  of  a  big  volcanic 
eruption,  the  luxurious  vegetation  of  the  island  was  destroyed  by  a 
downpour  of  hot  ashes  and  stones  that  covered  the  entire  island  in  a 
thick  layer.  Regarding  the  former  vegetation  of  the  island  we  have 
no  exact  data.  It  is  only  known  that  two  weeks  prior  to  the  end  of  the 
eruption,  at  a  time  when  in  the  northern  part  of  the  island  there  could 
be  seen  only  occasional  bare  trunks  of  trees,  the  whole  southern  slope 
comprising  the  more  elevated  part  of  the  island  was  still  covered, 
according  to  observations  of  the  geologist  Verbeek,  by  dense,  green 
vegetation,  and  only  during  the  very  last  moments  of  the  eruption  was 
this  part  of  the  island  also  buried  under  ashes  and  pumice. 

Three  years  after  this  catastrophe  Treub  (1888)  made  a  trip  to  the 
island  for  the  purpose  of  studying  the  new  vegetation  on  it.  On  the 
shores  of  the  island  he  found  about  16  different  species  of  flowering 
plants,  and  in  the  interior  8  species  of  flowering  plants  (6  of  which 
were  not  found  on  the  shores)  and  11  species  of  ferns,  the  latter  in 
abundance.  Assuming  that  all  the  original  flora  of  the  island,  in- 
cluding seeds  and  underground  parts  of  plants,  had  been  completely 
destroyed  at  the  time  of  the  eruption  and  that,  due  to  the  uninhabit- 
ableness  of  the  island,  plants  could  not  have  been  brought  by  man, 
Treub  came  to  the  conclusion  that  sea  currents  and  wind,  and  later 
also  birds,  constituted  the  factors  responsible  for  the  stocking  of  this 
island  with  plants.  From  that  time  on,  Treub's  work  was  regarded 
as  an  example  par  excellence  of  the  significance  of  natural  factors  in  the 
dispersal  of  plants,  as  proof  based  on  the  actual  observation  of  facts, 
and  Treub's  final  conclusion  almost  as  a  law.  Since  then,  from  time 
to  time,  various  investigators  have  visited  Krakatau  and  published 
their  findings  as  regards  its  vegetation.  The  number  of  plants  col- 
lected constantly  increased,  but  the  mode  of  their  origin  on  the  island 
did  not  evoke  any  doubts.  For  most  of  these  investigators  Treub's 
premise  as  to  the  complete  destruction  of  the  vegetation  on  the  island 
was  regarded  as  an  incontrovertible  fact. 

In  1929  Backer,  who  had  himself  visited  Krakatau  on  numerous 
occasions  and  who  held  the  same  viewpoint  as  all  the  other  botanists, 
undertook  a  summary  of  the  data  of  all  the  investigators  of  the  island's 
vegetation,  a  survey  of  all  the  results  of  the  various  expeditions  to  the 
island,  including  those  in  which  he  had  personally  participated.  Hav- 
ing completed  this  survey,  he  was  forced  to  renounce  his  previous  views 
and  to  put  the  whole  question  in  an  entirely  different  light.  He  found 
that  it  was  by  no  means  established  that  all  the  vegetation  of  Krakatau 
had  been  destroyed  by  the  volcanic  eruption  of  1883,  and  he  con- 
cluded, therefore,  that  the  problem  of  Krakatau  can  never  be  solved 
and  should  be  regarded  as  without  significance  for  botanical  science. 
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It  was,  of  course,  a  major  error  on  the  part  of  the  first  investigators 
of  the  flora  of  Krakatau  not  to  give  adequate  attention  to  such  an  im- 
portant circumstance  as  the  possibihty  of  seeds,  roots,  or  stems  having 
been  preserved  in  the  soil.  Although  both  Ernst  and  Docters  van 
Leeuwen  consider  that  such  parts  of  plants,  due  to  the  excessively 
high  temperature  of  the  soil  buried  under  the  burning  ashes  of  the 
volcano,  could  not  have  been  preserved,  doubts  as  to  their  complete 
destruction  can  always  arise,  as  long  as  they  were  not  eliminated  at  the 
very  first  by  special  investigation.  This  is  all  the  more  true,  since  we 
now  have  data  of  the  preservation  of  seeds  and  the  underground  parts 
of  plants  after  eruptions  of  other  volcanoes,  e.g.,  after  that  of  the  vol- 
cano Kamagatake,  in  southern  Hokkaido  (Japan).  According  to 
JosHi  (1932),  at  the  time  of  the  eruption  of  this  volcano  in  1929,  which 
lasted  for  two  days,  an  area  of  5,000  hectares  on  its  slopes  and  at  its  foot 
was  buried  under  a  layer  of  ashes  and  pumice,  averaging  one  meter  in 
thickness  and  in  some  places  as  much  as  three  meters  thick.  The 
impenetrable  forest  that  had  previously  covered  its  slopes  was  com- 
pletely burned  and  destroyed  by  the  products  of  the  eruption.  Joshi 
for  two  years  closely  watched  this  area,  and  he  found  that  there  had 
remained  in  the  soil  viable,  though  injured,  underground  parts  of  plants 
that  rapidly  produced  new  shoots.  Due  to  the  irregularity  of  the  relief, 
the  depth  to  which  the  soil  was  covered  by  ashes  and  pumice  varied 
and  in  some  places  was  very  inconsiderable.  In  such  places  as  early  as 
two  months  after  the  eruption  revegetation  commenced,  and  after  a 
year  had  elapsed  there  appeared  perennials  that  had  developed  from 
underground  parts  that  had  survived. 

Nevertheless,  there  is  no  doubt  that  Backer's  conclusion  that  a 
study  of  the  revegetation  of  Krakatau  altogether  lacks  scientific  interest 
must  be  regarded  as  extreme.  Even  if  part  of  the  vegetation  was  re- 
stored as  a  result  of  the  preservation  of  seeds  or  underground  parts  of 
plants,  still  a  goodly  proportion  of  the  324  species  making  up,  accord- 
ing to  Docters  van  Leeuwen,  the  flora  of  Krakatau  at  the  present 
time  were  brought  to  the  island  by  natural  factors  of  dispersal.  Kra- 
katau constitutes  an  interesting  case  of  the  stocking  of  unoccupied 
territory  as  a  result  of  the  transport  of  seeds  over  a  relatively  small 
distance  (ca.  25  miles)  by  sea  currents,  wind,  and  birds. 

Conclusions:  —  Plants  are  dispersed  as  result  of  the  transport  of  tlteir 
seeds  by  natural  means  only  slowly  and  gradually,  gaining  new  territory 
step  by  step.  The  transport  of  seeds  by  such  means  over  great  distances 
may  be  a  factor  in  plant  dispersal  only  in  case  the  seeds  encounter  a 
territory  where  ecological  conditions  are  favorable  for  the  given  species 
and  where  the  original  plant  associations  have  been  destroyed  (which 
otherwise  would  constitute  an  insuperable  obstacle  to  the  newcomer's 
becoming  established)  or  where  there  exist  open  formations,  as,  for  in- 
stance, on  the  seashore.  Consequently,  the  transport  of  seeds  by 
wind,  sea  currents,  birds,  or  other  natural  means  cannot  serve  as  an 
explanation  of  discontinuous  areas  with  widely  separated  parts.  Nu- 
merous facts,  e.g.,  the  occurrence  of  endemic  species  isolated  from  one 
another  on  separate  peaks  of  the  same  mountain  chain,  point  to  an 
entirely  different  mode  of  origin  of  such  areas.  Hence,  we  must  seek 
an  explanation  of  those  moments  in  the  geography  of  plants  that  are 
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incomprehensible  in  the  light  of  present-day  factors  not  in  the  action  of 
chance  circumstances  but  in  the  connection  existing  between  plant 
distribution  and  the  past  history  of  our  globe. 
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Chapter  IX 

THE    MIGRATIONS    OF    SPECIES    AND    FLORAS    AND 

THEIR  CAUSES 

As  we  have  shown  in  the  preceding  chapter,  plant  dispersal  in  most 
cases  is  not  "saltatory",  i.e.,  it  is  not  achieved  as  a  result  of  the 
chance  transport  of  seeds  over  great  distances.  Plants  usually  extend 
their  range  slowly,  gradually,  step  by  step,  as  a  result  of  the  dissemina- 
tion of  their  seeds  by  natural  factors  over  territories  located  near  the 
mother  plants  and  not  extending  far  beyond  the  boundaries  of  the 
latter's  area.  Such  slow  extensions  of  area  may,  moreover,  affect  not 
only  separate  forms  or  varieties  but  also  species  and  even  whole  plant 
communities.  The  fact  that  the  progeny  of  any  plant — by  means  of 
various  autochoric  processes  and  such  natural  agencies  as  wind,  water, 
and  animals — usually  takes  root  at  some  distance  (but  not  a  great 
distance)  from  the  mother  plant  results  in  the  slow,  gradual  advance  of 
a  species,  in  an  expansion  of  its  area,  continuing  until  the  given  species 
encounters  some  obstacle — physiographic,  climatic,  edaphic,  or  biotic — 
hindering  its  further  spread.  Changes  within  the  plants  themselves 
occurring,  as  a  result  of  natural  selection,  during  the  process  of  their 
dispersal  often  enable  them  to  overcome  some  of  these  obstacles  and 
so  to  continue  their  spread.  Nevertheless,  such  extensions  of  area  lack 
any  definite  direction  and  are  inadequate  to  explain  those  moments  in 
the  history  of  our  globe  when  entire  floras  were  in  a  state  of  motion, 
changing  their  areas  of  distribution  in  one  and  the  same  direction.  The 
question  arises:  What  are  the  causes  underlying  such  mass  movements 
of  floras  and  their  component  species? 

Migration  Theory:  —  The  distribution  of  plants  and  their  grouping 
in  floras  are  primarily  controlled,  as  we  know,  by  climatic  conditions, 
which  determine  the  geographical  zones  and  altitudinal  belts  in  which 
their  areas  are  located.  Within  these  climatic  limits  plant  distribution 
is  further  controlled  by  edaphic  conditions.  The  latter  are  of  secondary 
significance,  being  indefinite  in  character  and  not  subject  to  any  regular 
zonation  as  are  climatic  conditions.  If,  however,  climatic  zonation 
were  unalterable,  as  was  until  recently  presumed,  the  distribution  of 
plants  over  the  globe  would  be  fixed  and  the  species  composition  of 
floras  would  not  be  characterized  by  such  diversity  as  exists.  Paleo- 
botanic  data  and  analyses  of  the  areas  of  species  in  present-day  floras 
provide  clear  evidence  that  time  and  again  during  the  history  of  our 
earth — in  all  geological  epochs  down  to  the  last  post-glacial  period — 
there  have  occurred  great  movements  of  floras.  That  such  movements 
have  actually  occurred  is  Hkewise  testified  to  by  the  fact  that  plant 
fossils  differ  in  their  geographical  and  altitudinal  distribution  from  the 
living  representatives  of  the  same  genera  and  by  the  mixed  character 
of  the  species  composition  of  floras. 

In  view  of  the  fact  that  the  dispersal  of  species  takes  place  as  the 
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result  of  the  spread  of  individual  plants  during  the  process  of  their 
multiplication  and  continues  until  the  climatic  boundaries  are  reached, 
provided  that  no  other  obstacle  has  previously  barred  their  advance,  we 
must  arrive  at  the  only  conclusion  possible,  viz.,  that  successions  of 
floras  result  primarily  from  changes  in  the  location  of  the  climatic 
zones.  It  may  thus  be  considered  as  definitely  established  that  cli- 
matic zones  have  always  existed  on  the  earth  but  that  the  location  of 
these  zones  has  changed  many  times.  Furthermore,  the  upheaval  of 
whole  mountain  systems  and  the  drying  up  of  seas  have  created  new 
territories,  free  from  competition,  whither  species  have  drifted  in  their 
migrations.  Spreading  from  slopes  to  mountain  peaks  and  from  forest 
communities  to  the  arid  beds  of  former  seas,  these  migrants  underwent 
processes  of  form-genesis,  whole  cycles  of  polymorphic  forms  and  ge- 
ographical series  of  species  often  being  created. 

Hence,  summarizing  what  has  been  said,  we  may  presume  that  the 
present  distribution  of  plants  is  the  result  not  only  of  the  autochtho- 
nous development  of  floras  but  also  of  the  migrations  of  species  and 
floras  (due  to  climatic  and  physiographic  changes),  migrations  made 
possible  by  the  dissemination  of  seeds  and  modified  by  the  character  of 
the  topography  and  the  ecological  conditions  of  the  given  territory.  As 
Blytt  (1882)  so  aptly  stated,  present-day  vegetation  reflects,  as  in  a 
mirror,  the  geological  history  of  a  country,  different  groupings  of  species 
being  the  expression  of  different  stages  in  that  history. 

In  this  concept  we  fail  to  find,  however,  an  explanation  of  why  and 
how,  as  a  result  of  climatic  changes,  the  areas  of  species  are  altered. 
"We  cannot  say,"  wrote  Darwin  ("Origin  of  Species,"  6th  ed.,  1911, 
P-  533)1  "why  certain  species  and  not  others  have  migrated;  why 
certain  species  have  been  modified  and  have  given  rise  to  new  forms, 
whilst  others  have  remained  unaltered.  .  .  .  why  one  species  ranges 
twice  or  thrice  as  far,  and  is  twice  or  thrice  as  common,  as  another 
species  within  their  own  homes". 

It  is,  nevertheless,  possible  to  elaborate  a  working  hypothesis  ca- 
pable of  explaining  how  successions  of  floras  may  have  taken  place. 
Such  a  hypothesis  has  been  postulated  by  Good  (1931)  under  the  name 
of  the  "theory  of  tolerance".  This  theory  implies  "that  a  species  is 
able  to  occupy  only  those  parts  of  the  world  where  the  external  con- 
ditions are  within  those  of  its  range  of  tolerance.  This  total  area  which 
a  species  can  occupy  in  virtue  of  its  tolerance  is  conveniently  termed 
its  'potential  area'.  The  size  of  the  potential  area  will  tend  to  vary 
with  change  in  external  conditions"  (p.  155). 

If  species  possessed  unlimited  tolerance,  unlimited  capacity  for 
adaptation  and  for  the  formation  of  new  races  adapted  to  any  changes 
that  might  occur  in  habitat  conditions,  and  if  these  adaptations 
occurred  with  the  same  rapidity  as  the  climatic  changes,  then  species 
would  be  able  to  remain  within  the  limits  of  their  original  areas.  In  a 
few  cases  this  has  actually  taken  place;  relic  species  and  areas  testify 
to  this.  In  various  floras  we  may  find  species  that  have,  by  adapting 
themselves  to  new  habitat  conditions,  undoubtedly  survived  from 
former  geological  periods  characterized  by  different  climatic  condi- 
tions. This  holds  particularly  true  in  those  regions  where  a  cold 
climate  has  been  replaced  by  a  warmer  one,  as,  for  instance,  in  South 
Africa. 
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As  a  rule,  however,  species  do  not  possess  unlimited  tolerance  nor 
the  capacity  to  adapt  themselves  to  changing  conditions  as  rapidly  as 
these  changes  occur.  This  was  pointed  out  by  Darwin  {I.e.,  p.  421), 
who  remarked  that  in  nature  species  "probably  change  much  more 
slowly,  and  within  the  same  country  only  a  few  change  at  the  same 
time.  This  slowness  follows  from  all  the  inhabitants  of  the  same 
country  being  already  so  well  adapted  to  each  other,  that  new  places 
in  the  polity  of  nature  do  not  occur  until  after  long  intervals,  due  to 
the  occurrence  of  physical  changes  of  some  kind,  or  through  the  immi- 
gration of  new  forms.  Moreover  variations  or  individual  differences  of 
the  right  nature,  by  which  some  of  the  inhabitants  might  be  better 
fitted  to  their  new  places  under  the  altered  circumstances,  would  not 
always  occur  at  once". 

Changes  in  generic  characters  proceed  still  more  slowly.  Imprints 
(buried  under  the  earth  for  hundreds  of  thousands  of  years)  of  many 
fossil  angiosperms  of  the  Tertiary  period,  which  to  this  day  form  part 
of  several  present-day  floras,  closely  resemble  modern  representatives 
of  the  same  genera.  As  Darwin  (1868,  Chap.  26,  p.  352)  put  it, 
"Generic  characters  are  less  variable  than  specific  characters;  and  the 
latter  are  those  which  have  been  modified  by  variation  and  natural 
selection,  since  the  period  when  all  the  species  belonging  to  the  same 
genus  branched  off  from  a  common  progenitor,  whilst  generic  charac- 
ters are  those  which  have  remained  unaltered  from  a  much  more  re- 
mote epoch,  and  accordingly  are  now  less  variable". 

It  is  well  known  that  as  a  result  of  changes  in  habitat  conditions 
there  may  arise,  by  mutation,  new  races,  enabling  a  species  to  expand 
its  area  beyond  the  limits  restricting  the  spread  of  the  initial  species, 
but  there  is  no  case  known  of  such  mutational  changes  embracing  en- 
tire floras.  They  affect  only  separate  species  and  are  more  or  less 
accidental  in  character.  These  considerations  give  grounds  for  pre- 
suming that,  as  a  rule,  the  evolution  of  the  biological  and  physiological 
characteristics  of  plants,  involving  adaptation  to  new  habitat  condi- 
tions, cannot  proceed  as  rapidly  as  changes  in  habitat  conditions. 
Consequently,  in  case  of  such  changes,  a  plant  must  change  its  place 
of  abode  or  perish.  It  is  able  to  change  its  place  of  abode,  thanks  to 
various  adaptations  for  the  dissemination  of  its  progeny.  The  pos- 
session by  a  plant  of  the  capacity  to  tolerate  within  certain  limits 
changes  in  habitat  conditions  serves  the  plant,  when  it  finds  itself 
outside  its  "range  of  tolerance",  as  an  incentive  to  change  its  habitat 
in  the  direction  of  a  return  to  environmental  conditions  suitable  for  it, 
i.e.,  as  an  incentive  to  migration.    Let  us  quote  Good  (I.e.,  pp.  157-9) :  — 

"Taking  into  account  the  great  number  of  plants  species  and  the  comparatively  nar- 
row world  gamut  of  many  external  conditions  it  is  not  difficult  to  imagine  that  more  than 
one  species  may  have  similar  ranges  of  tolerance,  especially  as  regards  some  factors.  This 
is  strictly  in  accordance  with  the  observed  facts  of  plant  competition  and  is  a  satisfactory 
explanation  of  it.  It  supposes  that  the  tolerances  of  the  two  species,  although  similar  in  the 
main,  are  actually  very  slightly  different  and  that  this  difference  is  extremely  important  in 
deciding  the  result  of  competition.  This  result  may  be  a  balanced  deadlock,  suggesting 
that  there  is  nothing  to  choose,  in  tolerance,  between  the  species.  More  often  competition 
will  result  in  the  establishment  or  development  of  one  species  at  the  expense  of  the  other, 
and  this  is  assumed  to  mean  that,  in  some  very  subtle  way,  the  tolerance  of  the  victorious 
species  is  more  closely  correlated  with  the  actual  conditions 
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"Since  the  tolerances  of  closely  related  species  need  not  be  closely  comparable,  it  fol- 
lows that  the  generic  tolerance  as  regards  single  factors  may  be  continuous  or  discontinu- 
ous. If  the  former,  the  generic  tolerance  will  include  a  complete  range  of  values  for  a 
particular  factor,  from  generic  minimum  to  generic  maximum.  If  the  latter,  there  will  be 
gaps  in  the  range,  these  gaps  representing  factor  values  not  included  in  any  specific  toler- 
ance." 

In  order  to  show  just  how  the  tolerance  of  a  species  is  able,  in  case 
of  changes  in  external  conditions,  to  induce  its  migration  for  the  pur- 
pose of  finding  suitable  habitat  conditions,  Good  takes  as  an  example 
a  simple  and  purely  hypothetical  case  of  a  species  whose  tolerance  is 
determined  by  one  external  factor  only,  temperature  (actually,  of 
course,  several  factors  are  always  involved).  Good  (p.  i6i)  presents 
this  example  as  follows :  — 

"Let  us  imagine  a  species  having  a  mean  annual  tolerance  of  io°-2o°  C.  .  .  .  and  let 
us  suppose  that  the  area  over  which  these  temperature  values  prevail,  the  potential  area  of 
the  species,  is  continuous.  Let  us  further  imagine  that  the  species  has  covered  the  whole 
of  this  area  so  that  the  area  of  the  species  and  that  of  the  appropriate  temperature  condi- 
tions are  coterminous. 

"Every  generation,  if  the  species  is  herbaceous  and  monocarpic,  and  every  reproduc- 
tive season  if  the  species  is  perennial,  the  individuals  comprising  it  will  produce  dispersal 
units  (usually  seeds  or  fruits)  and  these  will  tend  to  be  disseminated  in  all  directions  from 
the  parent  plants". 

In  case  these  seeds  germinate  within  the  existing  area  of  the  species, 
the  plants  arising  therefrom  will  have  all  the  necessary  conditions  for 
normal  growth  and  development.  If,  however,  these  seeds  are  carried 
beyond  the  boundaries  of  the  area  of  the  species,  i.e.,  beyond  the  range 
of  tolerance  of  the  species  to  temperature  conditions,  then,  if  there  do 
not  arise  mutant  forms  with  a  different  range  of  tolerance,  the  plants 
produced  from  these  seeds  will  perish  or,  at  any  rate,  will  not  develop 
normally.  "This  process",  to  quote  Good  (p.  162),  "will  continue  at 
reproductive  intervals  of  time  as  long  as  the  specific  tolerance  and  dis- 
tribution of  temperature  remain  unchanged,  a  proportion  of  the  units 
at  each  reproduction  failing  to  develop". 

"Now  suppose",  continues  Good,  "that  a  climatic  change  associated  with  general 
lowering  of  temperature  begins.  Other  things  (such  as  topography)  being  equal,  the  tem- 
perature area  of  io°-20°  C.  will  move  towards  the  equator.  What  will  be  the  effect  upon 
the  plants?  On  the  northern  edge  of  their  area,  as  climatic  movement  begins,  there  will  be 
the  equivalent  of  a  contraction  of  potential  area  so  that  some  of  the  dispersal  units,  not 
only  of  the  outermost  plants  but  also  of  those  slightly  further  in,  will  fall  outside  the  neces- 
sary conditions.  Before  very  long  the  parents  which  were  originally  the  outermost  will  be 
themselves  outside  the  potential  area  and  will  therefore  perish.  As  the  cUmatic  movement 
continues  the  belt  of  destruction  in  its  wake  will  widen. 

"On  the  southern  edge  of  the  specific  area  the  conditions  will  be  exactly  reversed. 
After  a  time  none  of  the  dispersal  units  of  the  outermost  individuals  will  any  longer  fall 
outside  the  potential  area,  but  within  it,  and  will  mature  successfully,  producing  dispersal 
units  in  their  turn.  These  new  individuals  will  at  first  disseminate  themselves  partly  out- 
side the  area,  but  very  soon,  with  the  continuance  of  climatic  change,  their  dispersal  units, 
too,  will  fall  within  the  necessary  conditions,  and  this  process  will  be  repeated  in  succeed- 
ing generations  [until,  of  course,  the  cUmatic  movement  ceases]. 

"The  combined  effect  on  the  southern  and  northern  edges  of  distribution,  together  with 
similar  but  modified  effects  on  the  flanks,  will  in  fact  be  such  that  correlation  is  main- 
tained between  climatic  and  specific  area,  and  hence,  since  the  former  moves,  so  also  does 
the  latter.  But  this  movement  will  only  result  if  tolerance  remains  unchanged  while  climate 
alters".     (Italics  in  original). 
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This,  as  Good  himself  states,  is  "the  most  crucial  point  of  the  whole 
theory",  for,  if  both  tolerance  and  climate  changed  at  an  equal  rate, 
there  would  be  no  plant  movement  and  the  entire  theory  would  col- 
lapse. But  usually  this  does  not  occur,  since  evolutionary  changes  in  a 
species,  as  we  pointed  out  above,  proceed  considerably  more  slowly 
than  changes  in  habitat  conditions.  The  movements  of  floras  known  to 
us  sufiice  to  show  that  these  changes  are  not  simultaneous.  They  may 
coincide  in  time  and  rate  only  in  case  there  occurs  a  mutation  affecting 
the  tolerance  of  the  species. 

Quoting  Good  further  (pp.  163-165):  — 

"In  the  simple  case  described  above  there  is  a  very  great  difiference  between  the  indi- 
viduals in  the  van  of  the  movement  and  those  in  the  rear.  The  correlation  between  climate 
and  area  in  the  van  is  never  seriously  upset:  there  is  simply  a  gradually  unfolding  area 
into  which  dispersal  will  be  effective.  The  conditions  in  the  rear  are  quite  different.  Here 
the  potential  area  is  continually  diminishing  and  the  possibility  of  successful  dispersal  is, 
for  many  individuals,  becoming  increasingly  small,  so  that  the  plants  are  constantly  in 
incomplete  harmony  with  their  external  conditions.  .  .  . 

"This  hypothetical  example  of  the  working  of  tolerance  is,  as  has  been  stated  above, 
the  simplest  imaginable  and  in  nature  the  circumstances  will  almost  always  be  more  com- 
plex. .  .  . 

"  In  the  example  given,  only  one  species  is  supposed  to  be  affected  by  climatic  change, 
but  this  is  clearly  an  ideal  condition.  In  all  normal  circumstances,  climatic  or  other  ex- 
ternal change  will  affect  a  number  of  species,  generally  of  varied  types.  It  is,  moreover, 
highly  improbable  that  the  tolerances  of  all  the  species  will  be  alike.  They  will  most 
likely  vary  greatly.  The  realisation  of  this  leads  to  a  most  important  conception  in  the 
theory:   its  ability  to  exert  a  selective  or  sifting  effect  among  species. 

"Suppose,  as  another  purely  hypothetical  illustration,  that  the  climatic  change  of 
temperature  already  taken  as  an  example  affects  one  hundred  species  instead  of  only  one. 
Allowing  for  an  average  amount  of  variation  in  specific  tolerance  it  is  likely  that  the  change 
will  react  upon  different  species  in  different  ways.  Some  it  may  affect  directly  and  imme- 
diately, but  others  it  may  affect  either  indirectly  or  not  at  all,  their  ranges  being  deter- 
mined more  particularly  by  their  relations  to  factors  other  than  temperature.  This  being 
so,  change  of  temperature  will  neither  reduce  their  potential  areas  in  one  direction  nor 
increase  it  in  others  and  they  will  remain  unmoved.  The  total  result  of  this  will  be  that 
the  temperature  change  will  cause  movement  in  some  species  but  not  in  others.  In  terms 
of  movement,  some  will  advance  in  the  direction  of  change  and  others  will  remam  station- 
ary so  that  there  is  a  selective  effect 

"In  other  directions,  too,  the  original  simple  scheme  must  be  augmented  if  it  is  to 
give  anything  like  a  complete  picture  of  the  effects  of  the  theory.  For  e,xample  a  climatic 
change  will  rarely  be  confined  to  a  hmited  region.  A  general  lessening  of  temperature,  like 
that  imagined,  would  in  all  probability  extend  over  at  least  a  large  part  of  a  hemisphere 
and  even  perhaps  over  the  whole  world,  with  the  result  that  there  would  be  a  general 
movement  towards  the  equator  of  parallel  temperature  zones.  In  accordance  with  the 
postulated  effect  of  tolerance,  this  means  that  one  geographical  zone  will  sooner  or  later 
come  to  possess  the  flora  originally  characteristic  of  an  adjoining  zone.  The  area  rendered 
unsuitable  for  one  set  of  species  will  become  in  turn  the  potential  area  of  another  set. 
This,  combined  with  the  sifting  effect  just  described,  gives  a  picture,  not  only  of  floral 
migration  in  bulk,  but  also  of  the  intermingling  of  diverse  floral  elements.  Consider  the 
floras  of  two  adjacent  parallel  climatic  regions  affected  by,  let  us  say,  temperature  change. 
Since  presumably  only  a  portion  of  the  species  in  each  zone  (the  proportion  may  be  very 
high)  is  susceptible  to  this  particular  external  change,  some  species  will  move  under  its 
influence  and  others  will  not.  But  a  similar  selection  is  at  work  in  both  zones  and  the 
result  will  be  that  the  species  left  behind  by  the  movement  of  the  zone  in  advance  will 
become  mixed  with  the  species  which  have  advanced  with  the  movement  of  the  zone  in 
rear". 

Moreover,  it  should  be  kept  in  mind  that  a  climatic  change,  usually 
involving  changes  not  in  one  but  in  several  factors,  induces  changes  in 
all  the  habitat  conditions  {i.e.,  in  all  the  ecological  conditions  affecting 
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the  habitat  or  habitats)  of  a  species.  This  was  pointed  out  by  Kash- 
KAROV  and  Korovin  (1931),  who  showed,  on  the  basis  of  the  migration 
of  different  groups  of  vegetation  in  Soviet  Central  Asia,  that  there 
exists  a  correlation  between  plant  migration  and  changes  in  habitat 
conditions.  Thus,  an  alteration  in  ecological  conditions,  e.g.,  the  ex- 
pansion of  desert  areas,  creates  new  routes  of  dispersal  {viae  oecologicae, 
using  these  writers'  term)  for  sand  vegetation.  These  new  routes  may 
embrace  extensive  territories,  if  habitat  conditions  are  homogeneous,  as 
was  the  case,  for  example,  in  the  Tertiary  period  in  Eurasia.  A  change 
in  ecological  conditions,  accompanied  by  an  advance  of  these  routes  of 
dispersal  into  new  territories,  constitutes  a  factor  in  the  further  modi- 
fication and  dispersal  of  both  plants  and  animals. 

As  a  result  of  the  migrations  of  species,  both  the  size  and  shape  of 
their  areas  are  altered,  since  it  is  impossible  to  imagine  that  such  mi- 
grations could  occur  in  so  regular  a  fashion  that  the  areas  could  retain 
their  original  contour.  The  diverse  topography  of  our  globe,  the  dis- 
tribution of  land  and  sea,  excludes  the  possibility  of  an  area  retaining 
its  former  shape.  Consequently,  as  a  result  of  their  migrations,  the 
areas  of  some  species  increase  in  size,  as  others  decrease.  A  continuous 
area  may,  due  to  topographical  conditions,  break  up  into  two  or  more 
parts,  becoming  a  discontinuous  or  even  insular  area.  Furthermore, 
the  potential  area  of  a  species  may  increase  in  size  at  a  considerably 
more  rapid  rate  than  the  actual  dispersal  of  the  species,  the  result  being 
that  the  species,  temporarily  or  permanently,  ceases  to  occupy  the 
whole  of  its  potential  area. 

The  processes  involved  in  the  geographical  distribution  of  plants 
require  for  their  realization  exceptionally  long  periods  of  time,  far 
exceeding  the  period  of  man's  life  upon  this  planet.  Hence,  there  can 
be  no  thought  of  direct  observation  or  experimental  proofs  of  the  fore- 
going postulates;  only  by  indirect  proofs  can  their  soundness  be  es- 
tablished. As  one  of  such  indirect  proofs  we  may  cite  the  fact  that  the 
individuals  of  any  one  species  react  in  a  more  or  less  similar  manner  to 
external  conditions,  resembling  one  another  in  tolerance  as  well  as  in 
morphology.  This  is  particularly  clear  as  regards  climatic  factors  in  the 
case  of  cultivated  plants,  where  competition  has  been  eliminated.  It  is 
true  that  even  in  this  case  there  may  be  found  some  individuals  or 
strains  that  are  characterized  by  greater  tolerance  to  external  condi- 
tions than  others,  but  they  undoubtedly  represent  separate  races  or 
incipient  species  possessing  their  own  specific  tolerance.  In  confir- 
mation of  this  we  may  cite  the  opinion  of  White  (1926,  1928),  who 
considers  that  a  species  whose  area  embraces  different  climatic  zones 
without  any  doubt  consists  of  several  races  differing  in  their  tolerance 
to  temperature  conditions.  This,  in  his  opinion,  accounts  for  the  fact, 
known  to  horticulturists,  that  plants  brought  from  the  northern  part 
of  the  area  of  a  species  are  better  able  to  withstand  cold  than  those 
brought  from  the  southern  part  of  the  area.  The  differences  between 
these  races  are  not  manifested  in  the  morphological  structure  of  the 
plants,  or,  if  they  are  so  manifested,  the  differences  are  so  slight  that 
they  are  not  detectable  by  the  naked  eye.  White  concludes  that  the 
ability  to  withstand  low  temperatures,  in  the  case  of  species  not 
accustomed  to  such  temperatures,  may  be  ascribed  exclusively  to  the 
genesis,  by  mutation,  of  cold-resistant  races. 
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As  a  second  indirect  proof  of  his  theory  Good  {I.e.,  p.  i68)  cites  the 
relation  of  plants  to  edaphic  conditions:  — 

"Many  plants  are  markedly  calcifuge  and  it  is  usually  impossible  to  find  individuals 
of  the  same  species  which  do  not  conform  to  this  character.  Nor  will  cultivation  alter  this 
relation  unless  it  results  in  the  production  of  new  forms  with  new  tolerances,  so  that  the 
original  tolerance  and  species  is  hidden  or  lost.  Here  there  is  indeed  a  distinction  between 
cultivated  and  wild  plants,  since  the  efifect  of  cultivation  may  cause,  in  a  comparatively 
short  time,  an  evolutionary  change  which,  in  nature,  would  have  been  much  longer  de- 
layed". 

Good's  theory  of  the  migration  of  floras,  though  providing  a  plausi- 
ble explanation  of  the  movements  of  floras  from  one  geographical  zone 
to  another,  leaves  out  of  account  two  exceptionally  important  factors: 
first,  the  process  of  divergence  which  a  species  undergoes  during  the 
course  of  its  migrations  and,  second,  the  movements  of  floras  on  moun- 
tain slopes  from  one  altitudinal  belt  to  another.  When  a  flora  moves 
into  a  more  southern  zone,  its  original  place  is  occupied  not  only  by  a 
flora  moving  southward  from  a  more  northern  zone  but  also  by  a  flora 
descending  from  the  mountains  situated  within  the  limits  of  the  initial 
zone.  These  latter  elements,  as  they  increase  in  number,  occupy  a 
dominant  position.  This  exceptionally  important  factor  in  floral  suc- 
cession is  entirely  disregarded  by  Good  and,  in  general,  is  accorded 
very  Httle  attention.  Vegetation  belts  on  mountain  slopes  have  un- 
doubtedly existed  during  all  geological  periods  and  within  the  limits 
of  all  cUmatic  zones  of  the  earth,  just  as  they  now  exist  on  mountains  in 
the  frigid,  temperate,  and  torrid  zones.  In  our  opinion  the  replacement 
of  floras  of  lowlands  by  species  of  mountain  slopes,  whenever  cold 
climatic  conditions  have  extended  their  sway  over  wider  territories,  has 
played  a  very  important  role  in  the  formation  of  present-day  floras,  a 
circumstance  which  makes  necessary  considerable  alterations  in  the 
migration  theory  of  floral  succession. 

Another  important  point.  It  has  usually  been  assumed  that  migra- 
tions of  floras  took  place  only  from  north  to  south  or  from  south  to 
north.  However,  it  is  now  considered  definitely  established  that  dur- 
ing the  entire  Tertiary  period  and  also  later  there  occurred  migrations 
of  species  from  east  to  west,  from  eastern  Asia  into  Europe,  at  first 
along  the  mountain  systems  and  later,  as  the  climate  became  still 
cooler,  also  over  the  plains,  replacing  the  Tertiary  flora  of  Europe  that 
had  become  extinct. 

We  may  supplement  the  foregoing  by  a  number  of  arguments  of  a 
different  kind.  We  have  seen  that,  in  case  of  species  migration  induced 
by  changes  in  habitat  conditions,  the  plants  occup3dng  that  part  of  the 
area  most  subjected  to  the  action  of  these  changes  find  themselves  in 
disharmony  with  the  new  conditions  of  life.  They  are  forced  to  mi- 
grate, following  the  direction  of  the  climatic  change.  Such  migration 
will  be  possible  only  for  the  new  generation,  the  seeds  of  the  parent 
plants,  which  latter  are  condemned  to  remain  stationary.  What  be- 
comes of  these  plants?  Though  we  know  of  numerous  instances  of  the 
dying  out  of  such  plants,  we  also  know  of  a  considerable  number  of 
cases  of  their  preservation  in  the  most  favorable  spots  of  their  original 
area.  In  the  latter  cases  relic  habitats  are  created,  and  there  arise 
isolated  fragments  of  an  area,  to  which  phenomenon  we  have  already 
devoted  considerable  attention. 
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These  habitats  may  sometimes  be  of  exceptionally  limited  extent, 
comprising,  for  instance,  a  single  mountain  or  canyon.  A  certain  kind 
of  mountain  rock,  e.g.,  chalk  cliffs,  may  constitute  the  only  refuge  of 
such  relic  plants.  Within  the  limits  of  their  restricted  habitats  these 
species  will  continue  to  be  propagated  by  seeds,  if  they  have  retained 
the  ability  to  produce  them,  or  vegetatively,  if  they  have  lost  this 
ability.  These  "left-over"  plants  mix  with  the  newcomers  and  form 
one  of  the  elements  of  the  new  flora  of  the  given  district. 

The  question  arises:  Is  it  possible,  by  studying  the  biology  of  these 
remnants  of  a  former  flora,  to  elucidate  their  past  history  and  deter- 
mine the  changes  that  they  have  undergone  in  their  habitat?  To  this 
question  we  may  reply  affirmatively,  since  various  factors  in  the  life  of 
these  plants  provide  definite  clues  to  the  knowledge  desired. 

Periodicity  in  the  Growth  and  Development  of  Plants:  —  That 
vegetative  processes,  and  also  flowering  and  fruiting,  succeed  one  an- 
other in  regular  fashion  is  a  well-known  phenomenon,  regarding  the 
causes  of  which  there  exists  a  rather  extensive  literature  (see  Drude, 
1913).  This  alternation  of  vegetative  and  reproductive  processes,  this 
periodicity  in  the  passing  through  of  the  various  phases  of  development, 
is  inherent  to  all  plants,  at  least  all  higher  plants,  regardless  of  their 
place  of  abode  on  the  globe.  Even  in  the  tropics,  despite  the  uni- 
formity of  climatic  conditions,  the  vegetation  is  characterized  by  this 
rhythm  of  development.  Thus,  Schimper  (1898)  pointed  out  that  in  a 
tropical  forest,  notwithstanding  the  fact  that  climatic  periodicity  is 
practically  absent,  there  exists  a  periodicity  in  the  life  of  the  trees, 
expressed  in  the  falling  of  leaves  at  definite  intervals  and  in  an  alter- 
nation, even  in  the  case  of  evergreen  species,  of  periods  of  intensive 
growth  and  periods  of  dormancy. 

We  shall  not  go  into  the  question  (still  a  matter  of  dispute)  as  to 
whether  periodicity  in  the  life  of  a  plant  is  primary  in  character,  i.e., 
independent  of  external  conditions,  which  may  only  direct  it  to  one  or 
another  side  (Schimper,  1898;  Volkens,  1912),  or  whether  it  is  the 
result  of  external  conditions,  since  absolute  invariabiUty  of  climatic 
conditions  during  the  entire  year  does  not  exist  anywhere  on  the  globe 
(Klebs,  191  i).  For  our  purposes  a  solution  of  this  problem  is  not 
vital.  For  us  it  is  of  importance,  first  of  all,  to  establish  the  fact  of 
periodicity  of  phenomena  in  the  plant  kingdom  and  the  existence  of 
interrelations  between  this  periodicity  and  climatic  conditions;  and, 
secondly,  to  establish  the  fact  that  the  inherent  periodicity  of  a  plant  is 
in  most  cases  hereditarily  fixed  and  not  readily  subject  to  change  with 
a  change  in  climatic  conditions. 

In  this  connection  of  particular  interest  is  an  experiment  made  by 
DiELS  (191 8)  with  a  number  of  different  species  of  forest  herbs.  These 
herbs  were  grown  in  a  greenhouse  under  conditions  of  uniform  tem- 
perature (in  contrast  to  the  variable  climate  of  their  ordinary  habitats). 
The  herbs  could  be  classed  in  three  groups,  according  to  how  their 
dormant  period  was  affected:  In  the  first  group  (type— ^5/>erM/a)  the 
dormant  period  was  completely  eliminated;  in  the  second  (type— 
LeMco/wm)- partially  eliminated;  and  in  the  third  {type— Polygonatum) 
—fully  preserved.     These  reactions  clearly  reflected  the  geographical 
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relationships  of  the  plants  participating  in  the  experiment.  For  in- 
stance, Asperula,  upon  being  transferred  to  greenhouse  conditions,  no 
longer  had  a  dormant  period  and  grew  without  interruption,  thus  show- 
ing its  relationship  to  tropical  genera  of  the  same  family.  The  genus 
Leucojum  under  greenhouse  conditions  did  not  enter  a  dormant  period 
in  the  fall  months  but  retained  its  summer  dormant  period,  thus  indi- 
cating its  Mediterranean  origin.  Lastly,  Polygonatum  retained  its 
normal  dormant  period  corresponding  to  the  cUmatic  conditions  of 
Central  Europe,  testifying  to  its  holarctic  origin. 

Consequently,  any  lack  of  correspondence  between  climatic  periodi- 
city and  the  periodicity  of  the  phasic  development  of  a  plant  is  neces- 
sarily reflected  in  some  sort  of  disharmony  between  the  latter  and  its 
habitat  conditions.  This  problem  has  been  subjected  to  detailed  in- 
vestigation by  ScHARFETTER  (1922).  He  found  that  the  diversity  of 
periodicity  could  be  classified  into  two  main  groups.  To  the  first  group 
belong  species  the  periodicity  of  whose  life  cycles  corresponds  to  the 
periodicity  of  the  Central  European  climate,  so  that  a  plant  utilizes  all 
the  time  suitable  for  its  development.  For  instance,  the  apple  tree  has 
its  dormant  period  in  the  winter,  flowers  in  the  spring,  then  develops 
leaves,  and  toward  autumn  begins  to  fruit.  CHmatic  and  life-cycle 
periodicity  correspond  completely.  To  the  second  group  belong  species 
the  periodicity  of  whose  life  cycles  is  in  disharmony  with  the  climatic 
periodicity.  As  an  example  we  may  take  Colchicum  aulumnale,  which 
flowers  late  in  the  fall,  when  the  ovaries  formed  are  most  likely  to  be 
destroyed  by  the  winter  frosts,  and  the  fruits  of  which  ripen  only  in  the 
spring  of  the  following  year,  after  which  this  plant,  in  contrast  to  most 
others,  enters  into  a  dormant  period  for  the  entire  summer.  Here,  in 
all  probability,  is  reflected  the  periodicity  of  the  climate  of  the  Medi- 
terranean Region,  characterized  by  a  vegetative  period  with  two  breaks, 
the  first  in  the  summer,  due  to  lack  of  rainfall,  and  the  second  in  the 
winter,  due  to  low  temperature. 

Hence,  the  conclusion  may  be  drawn  that,  if  climatic  and  life-cycle 
periodicity  correspond,  the  home  of  any  given  plant  is  the  country  in 
which  it  is  found  and  in  which  its  habitat  conditions  have  not  under- 
gone change.  If,  on  the  other  hand,  such  correspondence  is  lacking,  the 
natural  conclusion  will  be  that  the  given  plant  arose  under  other  cli- 
matic conditions.  Scharfetter  considers  that  in  this  case  the  home  of 
the  plant  should  be  sought  in  another  place  and  the  plant  itself  be 
regarded  as  an  immigrant  in  the  given  region.  This  conclusion,  how- 
ever, is  not  obligatory,  since  the  indicated  disharmony  in  periodicity 
might  be  due  to  changes  in  climatic  conditions  in  situ  or  to  changes 
in  the  plant  itself. 

This  retention  by  some  plants  of  a  periodicity  out  of  harmony  with 
the  general  rhythm  of  the  surrounding  vegetation  creates  a  situation 
such  that  these  plants  do  not  find  themselves  in  competition  with  the 
other  species  in  the  same  plant  community.  This  gives  us  a  clue  to 
the  cause  of  the  preservation  of  these  species  in  places  formerly  con- 
stituting part  of  their  potential  area  but  now  lying  outside  it.  The 
fact  that  there  exists  such  a  diversity  of  periodicity  among  species 
belonging  to  the  present-day  flora  of  Europe  may  easily  be  explained  by 
the  great  climatic  changes  that  have  time  and  again  occurred  on  that 
continent,  inducing  numerous  migrations  of  its  species. 
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Disharmony  between  the  Biological  Peculiarities  of  Some  Species 
and  Their  Present-Day  Habitat  Conditions:  —  In  many  floras  in  different 
regions  of  the  globe,  particularly  in  Europe,  there  may  be  found  a  con- 
siderable number  of  species,  the  biological  peculiarities  of  which 
are  not  in  harmony  with  their  habitat  conditions.  This  disharmony 
constitutes  yet  another  proof  of  the  fact  that  climatic  changes  have 
taken  place  that  have  caused  migrations  of  floras,  occasional  repre- 
sentatives of  which  have  remained  on  the  territory  of  the  original  area 
without  having  become  adapted  to  their  new  habitat  conditions.  In 
most  cases  such  plants  will  eventually  be  crowded  out  by  those  species 
which,  as  regards  their  biological  peculiarities,  find  themselves  in  com- 
plete harmony  with  their  habitat  conditions. 

As  a  characteristic  example  of  such  a  plant  we  shall  take  the  genus 
Cyclamen,  which  comprises  20  species,  distributed  primarily  in  the 
Mediterranean  Basin,  particularly  its  eastern  part.  This  genus  is  un- 
doubtedly of  ancient,  Tertiary  origin,  this  being  confirmed  by  its 
marked  isolation  from  other  genera.  Everywhere  it  grows  it  has  pre- 
served with  remarkable  constancy  all  its  biological  peculiarities,  which 
fully  harmonize  with  Mediterranean  conditions  but  which,  for  many 
of  its  species,  are  not  at  all  in  accord  with  their  present  habitat  con- 
ditions. Most  Cyclatnen  species  flower  late  in  the  autumn,  when  winter 
is  nearly  at  hand,  and  in  spring  or  early  summer,  when  the  surrounding 
vegetation  is  at  the  apogee  of  growth,  these  species  lose  their  foliage 
and  remain  dormant  for  several  months,  until  autumn  is  well  under 
way,  when  they  enter  again  into  a  period  of  development.  Such  a  life 
cycle  is  fully  comprehensible  under  conditions  in  the  Mediterranean 
Basin  with  its  hot,  dry  summers  and  warm,  rainy  autumns,  enabling 
the  vegetation  that  has  become  dry  and  dusty  during  the  summer 
months  to  revive  and  cover  itself  with  fresh  leaves  and  flowers.  But 
under  conditions  in  central  Europe,  with  its  rainy  summers  and  cold 
winters,  such  periodicity  in  the  life  cycle  of  a  plant  is  not  at  all  in 
accord  with  the  climatic  periodicity.  This  summer  dormant  period  is 
not  so  marked  in  Cyclamen  europaeum,  which  does  not  shed  its  foliage 
and  flowers  in  the  summer.  In  general,  however,  this  periodicity  has 
been  preserved  even  under  conditions  of  cultivation;  it  has  been  over- 
come by  age-long  cultivation  only  in  the  case  of  C.  persicum. 

As  another  example  of  disharmony  between  the  periodicity  in  the 
life  cycle  of  a  plant  and  climatic  conditions,  we  may  take  the  ivy 
{Hedera  Helix),  whose  distribution  parallels  approximately  that  of  the 
beech.  It  flowers  in  September,  in  northern  regions  occasionally  be- 
ginning in  August,  and  in  some  places  continues  in  bloom  as  late  as 
January,  i.e.,  during  the  very  coldest  months  of  the  year,  its  fruits 
ripening,  for  the  most  part,  only  towards  spring.  Consequently,  in 
nature,  flowering  of  the  ivy  is  rarely  observed  and  then  only  in  warm, 
protected  places;  under  cultivation,  however,  it  occurs  with  consider- 
ably greater  frequency.  The  ivy  is,  undoubtedly,  an  ancient  Tertiary 
plant,  which  became  established  in  Europe  in  the  Miocene  stage,  when 
the  winters  did  not  cause  such  a  marked  break  in  its  development. 
Although  it  has  become  adapted  to  cold  weather,  having  penetrated  in 
post-glacial  times  even  into  Scandinavia,  it  has  preserved  the  same  pe- 
riodicity as  regards  its  flowering,  a  periodicity  in  complete  disharmony 
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with  the  dimatic  conditions  prevailing  in  the  greater  part  of  its  present 
area  (Chevalier,  1927). 

Another  plant  which,  as  regards  its  time  of  flowering,  likewise  does 
not  find  itself  in  accord  with  present-day  habitat  conditions  is  Col- 
chicum  Biebersteinii,  distributed  in  Asia  Minor,  on  the  Balkan  penin- 
sula, in  the  southern  part  of  the  U.S.S.R.,  and  in  the  Crimea.  The 
genus  Colckicum  has  been  divided  into  two  subgenera,  the  more  ancient 
Archicolchicum  and  the  more  recent  Eucolchicum  (Stefanov,  1926). 
Colckicum  Biebersteinii  belongs  to  the  former,  i.e.,  the  more  ancient, 
subgenus.  In  the  Crimea  occasional  specimens  are  found  both  in 
steppe  and  mountain  districts,  on  steppe  and  sandy  soils.  The  cause 
of  its  scarcity  here  lies  in  its  very  early  flowering,  beginning  in  Janu- 
ary, i.e.,  in  the  very  coldest  month  of  the  year  in  the  Crimea,  and 
ending  in  March,  when  the  flowering  of  other  Crimean  plants  has  only 
just  barely  begun. 

The  family  Ericaceae,  which  has  undoubtedly  been  preserved  in 
Europe  since  the  Tertiary  period,  is  characterized  by  the  xerophytic 
structure  of  its  leaves,  corresponding  to  the  character  of  its  habitats  in 
regions  with  a  winter  period  of  rainfall  and  in  mountainous  districts 
but  not  at  all  in  accord  with  its  habitats  in  swampy  localities.  For 
instance,  the  common  north  European  heather,  Calluna  vulgaris,  has 
leaves  with  a  structure  markedly  xerophytic  in  character.  This  species 
is  now  very  widely  distributed,  ranging  from  Spain,  the  Azores,  and 
Morocco  to  Norway,  Lapland,  and  West  Siberia.  In  the  U.S.S.R.  this 
species  extends  as  far  south  as  Tula  Region,  being  distributed,  however, 
chiefly  in  the  northern  regions.  Fossil  deposits  of  this  heather  have 
only  been  found  beginning  with  the  Ice  Age,  so  that  we  know  nothing 
regarding  its  distribution  and  migrations  prior  to  the  Quaternary 
period.  Nevertheless,  it  is  very  clear  that  its  xerophytism  is  a  fixed 
peculiarity  of  structure  that  originated  under  entirely  different  habitat 
conditions  than  those  now  prevailing  over  the  greater  part  of  its  area. 

Another  tj^e  of  disharmony  we  find  in  Erica  carnea,  belonging  to 
the  same  family  and  growing  in  the  alpine  zone  of  western  Europe. 
Its  inflorescences  develop  only  toward  the  end  of  summer,  so  that  its 
flowers  are  not  ready  for  opening  before  the  onset  of  cold  weather, 
which  hinders  the  further  development  of  the  plant.  It  remains  dor- 
mant, under  the  snow  cover,  until  spring,  when,  with  the  coming  of  warm 
weather,  it  renews  its  development  and  its  flowers  open.  This  species, 
closely  related  to  Erica  mediterranea,  in  the  Tertiary  period 
undoubtedly  did  not  have  such  a  break  in  its  development,  since 
climatic  conditions  were  more  uniform  at  that  time  (Chevalier,  1927). 

The  genus  Vacciniuni,  most  of  whose  representatives  grow  in  the 
tropics,  has  a  few  species  that  grow  in  temperate  and  subarctic  zones 
of  the  northern  hemisphere,  both  in  the  Old  and  New  Worlds,  these 
species  no  doubt  being  remnants  of  a  Tertiary,  probably  mountain, 
flora.  The  leaves  of  most  species  of  Vaccinium,  even  of  our  north 
European  species — V.  nigrum,  V.  Vitis  idaea,  V.  uliginosum — or  of  the 
mountain  species,  Arctostaphylos  Uva-ursi,  which  extends  to  an  altitude 
of  2,000  m.,  and  also  of  species  of  Oxycoccus,  are  thick,  coriaceous,  and 
evergreen,  in  no  way  corresponding  to  the  foliage  of  most  other  plants 
of  northern  zones.    That  these  are  remnants  of  a  Tertiary  flora  is  testi- 
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fied  to  by  the  finding,  in  Pliocene  deposits  in  central  France,  of  leaves 
identical  in  appearance  to  those  of  our  contemporary  blueberries 
{Vaccinimn  uliginosum) ,  which  to-day  still  grow  on  these  same  moun- 
tains in  France  at  an  altitude  of  1,500-1,600  m.  (Laurent,  1904-1905). 

Daphne  Julia,  a  Tertiary  relic  which  survived  the  Ice  Age  and  still 
grows  in  the  steppes  of  Voronezh  Region,  after  a  rainy  summer  retains 
its  leaves  until  the  next  vegetative  period.  Hence,  the  evergreen  nature 
of  the  genus  Daphne  has  not  been  entirely  lost  by  D.  Julia,  though  it  is 
entirely  alien  to  the  steppe  vegetation  and  to  the  climatic  conditions 
now  existing  in  these  steppes  (Koso-Poljansky,  1928). 

An  analogous  case  of  physiological  atavism  we  find  in  the  European 
species  of  oak  and  beech  {Qu^rcus  Rohur,  Q.  sessiliflora,  and  Fagus  sylva- 
tica).  It  has  long  since  been  established  that  some  specimens  of  these 
trees,  particularly  of  these  species  of  oak,  retain  their  foliage  (in  a 
dead  state)  until  the  spring  of  the  following  year.  This  gave  grounds 
for  distinguishing  between  "summer"  and  "winter"  forms.  How  can 
we  explain  this  retention  of  leaves,  when  all  other  deciduous  species 
lose  their  foliage  as  soon  as  the  weather  turns  cool  in  autumn?  The 
only  explanation  we  can  give  of  this  phenomenon  is  that  these  species 
in  past  times  dwelt  in  a  different,  warmer  climate,  not  characterized  by 
such  marked  periodicity  as  now  prevails  in  the  northern  latitudes,  and 
they  were,  therefore,  enabled  to  live  as  evergreens,  i.e.,  not  losing  their 
foHage  all  at  once  at  a  definite  period  but  only  gradually,  a  few  leaves 
at  a  time,  simultaneously  developing  young  leaves  to  replace  the  old. 
The  correctness  of  this  assumption  is  confirmed  by  anatomical  data. 
Usually  in  deciduous  species  there  may  be  observed  toward  autumn, 
below  the  points  where  the  leaf-stalks  are  attached,  the  development 
of  cork  (suberose)  tissue  and  of  a  special,  loose  layer  of  cells,  as  a  re- 
sult of  which  the  leaf  and  jjetiole,  separated  from  the  branch  (to  which 
it  formerly  was  firmly  attached)  solely  by  this  cork  tissue,  easily  drop 
off.  The  place  of  leaf  abscission  is  already  in  advance  covered  by  this 
layer  of  suberose  cells.  Thus,  while  ordinarily  defoliation  is  a  purely 
mechanical  process,  due  to  the  suberization  and  dying  away  of  tissues 
at  the  point  of  leaf  abscission,  in  the  above-mentioned  species  of  beech 
and  oak  the  place  of  abscission  remains  alive  and  green  during  the 
entire  winter. 

Further  evidence  of  the  above  assumption  is  the  fact  that  the  time 
of  the  falling  of  the  leaves  in  these  species  of  beech  and  oak  coincides 
with  the  development  of  new  leaf-buds,  as  is  the  case  in  evergreen 
plants.  In  the  latter  the  leaf  falls  at  the  precise  moment  that  the  bud 
in  the  leaf's  axil  begins  development.  These  species  of  oak  are  closely 
related  to  evergreen  species,  and  we  have  full  grounds  for  the  assump- 
tion that  the  above-mentioned  biological  peculiarities  show  that  these 
species  in  the  past  were  adapted  to  different  climatic  conditions.  This 
is  further  confirmed  by  the  fact  that  in  southern  Europe  Quercus  robur 
and  Q.  sessiliflora  sometimes  retain  their  leaves  in  a  green  state  through- 
out the  winter.  Hence,  even  after  a  period  of  thousands  of  years,  these 
species  of  oak  and  beech,  as  regards  biological  periodicity,  have  not  yet 
become  adapted  to  the  climatic  rhythm  in  their  present  habitats 
(Magnus,  1913). 

In  this  connection  it  is  of  interest  that  the  American  plant  anato- 
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mist,  Dr.  Jeffrey  (1917,  Chap.  XVII),  in  discussing  the  hypothesis  of 
recapitulation,  gives  among  other  examples  the  following :  — 

"In  a  conifer  like  the  larch,  which  is  diflFerentiated  in  habit  from  the  mass  of  the  group 
by  its  deciduous  foliage,  we  find  in  the  seedling  that  the  leaves  persist  for  several  years, 
thus  reveaUng  the  probable  ancestral  condition  for  the  genus.  An  additional  example 
among  the  dicotyledons  is  supplied  by  the  oak.  The  adult  in  northern  oaks  is  characterized 
by  deciduous  leaves.  Oak  seedlings  and  saphngs,  however,  even  in  the  case  of  typically 
northern  species,  retain  their  leaves  during  the  winter,  thus  recalling  a  situation  charac- 
teristic of  the  Uve  oaks  of  warmer  latitudes  which  have  evergreen  foliage  and  represent 
anatomically  the  primitive  type  of  organization"  (p.  235). 

Species  Not  Having  a  Full  Cycle  of  Development:  —  In  some  plant 
communities  it  is  not  uncommon  to  find  species  that  do  not  pass 
through  a  full  cycle  of  development,  i.e.,  they  vegetatively  develop 
normally  and  flower  but  do  not  bear  fruit,  or  they  lead  a  purely 
vegetative  type  of  life  bearing  neither  flowers  nor  fruits  or,  lastly,  they 
do  not  attain  even  a  normal  vegetative  development.  Such  species 
show  clearly  that  their  origin  is  alien  to  that  of  the  plant  community 
of  which  they  now  form  a  part.  For  instance,  on  meadows  in  the 
U.S.S.R.  such  sedges  as  Carex  vesicaria,  C.  gracilis,  etc.  vegetatively 
develop  normally  but  do  not  flower.  The  same  holds  true  for  the 
steppe  cherry  of  the  U.S.S.R.,  when  growing  not  on  the  steppes  but  a 
little  farther  north  in  the  southernmost  part  of  the  zone  of  dense  oak 
woods.  Similarly,  Caltha  palustris,  a  plant  growing  ordinarily  in 
swamps  or  near  bodies  of  water,  is  found  occasionally  in  meadows, 
where  it  does  not  bear  flowers  and  even  vegetatively  develops  poorly, 
the  fact  that  it  grows  here  being  evidence  that  these  meadows  were 
formerly  swamps.  Deciduous,  Hght-loving  plants,  herbaceous  species 
that  develop  normally  only  under  conditions  of  ample  sunlight,  are 
sometimes  found  in  the  undergrowth  in  dense  spruce  forests,  where 
they  cease  altogether  to  flower  and  even  have  a  poor  vegetative  de- 
velopment. 

The  fact  that  in  the  flora  of  Spitzbergen  there  are  a  considerable 
number  of  plants  that  fail  to  produce  seeds  gave  grounds  for  Andersson 
(1910)  to  consider  that  this  flora  developed  under  more  favorable  cli- 
matic conditions,  warmer  than  those  at  present  prevailing,  and,  hence, 
that  it  does  not  now  have  optimum  conditions  for  growth  and  de- 
velopment. Vaccinium  uliginosum  grows  in  Novaya  Zemlya,  but  it 
neither  flowers  nor  bears  fruit  there  (Regel,  1935).  Rubus  arcticus  is 
found  in  many  plant  communities  in  Finland,  but  either  to  the  north 
or  south  of  the  optimum  zone  (62°-65°  N.),  despite  normal  flower 
development,  it  often  fails  to  bear  fruit,  being  propagated  vegetatively 
(Saastamoinen,  1930).  The  same  phenomenon  has  been  observed  in 
the  U.S.S.R.,  where  the  optimum  zone  lies  between  60°  and  64°  N. 
(RozANOVA,  1934).  Cernjavski  (1937)  has  reported  that  Prumis 
laurocerasiis  is  found  in  beech  woods  north  of  Vlasina  (Jugoslavia),  but 
that  it  does  not  bear  fruit  there. 

Extinction  of  Species:  —  If  changes  in  climatic  and  other  habitat 
conditions  actually  induce  migrations  of  species,  then  any  plants  of 
such  species  remaining  in  the  original  area  are  subject  to  extinction. 
There  are  numerous  facts  confirming  this.    Paleobotany  is  replete  with 
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instances  of  the  extinction  of  species  as  a  result  of  climatic  changes.  A 
good  example  is  that  of  the  finding  of  fossil  remains  of  subtropical 
plants  in  places  located  beyond  the  arctic  circle  and  covered  with 
eternal  snow.  Moreover,  even  in  our  present-day  flora  we  may  observe 
such  a  process  of  species  extinction  induced  by  changes  in  climatic 
conditions. 

Braun-Blanquet  (1923)  has  given  us  a  most  interesting  account  of 
the  process  of  extinction  (still  in  progress)  of  arctic  plants  in  the  moun- 
tains of  southwestern  Europe.  The  occupation  of  these  habitats  by 
arctic  species  took  place  during  the  Ice  Age,  when  a  lowering  of  the 
temperature  in  Europe  and  the  advance  of  the  glaciers  southward 
brought  about  a  corresponding  movement  of  the  arctic  vegetation. 
The  subsequent  increase  in  temperature,  as  a  result  of  the  regres- 
sion of  the  glaciers,  was  accompanied  by  an  analogous  movement 
of  the  vegetation.  But  a  few  of  these  arctic  species  remained  in 
the  West-European  Alps  outside  their  potential  areas.  Gradually,  as 
the  climate  became  more  arid,  there  occurred  an  ever  greater  decrease 
in  the  number  of  stations  of  these  species.  Thus,  Braun-Blanquet 
{I.e.,  p.  164)  cites  authorities  for  the  fact  that  Ligularia  sibirica  had  by 
1878  disappeared  from  its  former  habitat  in  the  Massif  Central  of 
France  and  that  Saxifraga  hirculus,  formerly  distributed  near  Nantua, 
was,  in  1897,  no  longer  found  there.  The  species  Oxycoccus  quadri- 
petalus,  Caltha  paluslris,  Liparis  Loeselii,  Rhynchospora  fusca,  R.  alba, 
and  Eriophorum  angustifolium  became  extinct  as  a  result  of  the  drying 
up  of  peat  swamps  near  Lake  Bientina  in  Tuscany.  Thanks  to  the 
disappearance  of  the  first-named  species,  the  genus  Oxycoccus  altogether 
disappeared  from  the  flora  of  central  Italy,  being  preserved  only  in 
northern  Italy  on  the  southern  slopes  of  the  Alps.  In  a  similar  way 
the  hmits  of  distribution  of  Rhynchospora  alba  and  of  the  genus  Liparis 
have  shifted  to  the  north,  for  they  are  no  longer  found  south  of  the  Po. 

Analogous  instances  of  the  shifting  to  the  north  of  the  limits  of  dis- 
tribution of  species  that  had  spread  their  range  to  the  south  during  the 
Ice  Age  are  found  in  Germany.  There  are  data  to  show,  moreover, 
that  the  process  of  extinction  (in  southern  regions)  of  these  species  was 
not  recently  initiated  but  began  in  prehistoric  times.  This  has  been 
confirmed  by  the  finding  of  fossil  remains  of  such  northern  species  in 
central  and  southern  Europe.  For  example,  Andersson  reported  that 
in  swamps  adjoining  Lago  di  Garda  there  were  found  a  large  number  of 
fossilized  fruits  of  Najas  flexilis,  which  no  longer  grows  in  Italy. 

In  recent  years  the  pollen-statistics  method,  whereby  the  pollen  con- 
tained in  samples  of  peat  is  analyzed  to  determine  the  species  from 
which  it  was  derived,  has  shown  that  such  samples  contain  pollen  of 
numerous  species  that  no  longer  grow  in  the  vicinity  of  the  peat 
swamps  investigated,  and  it  has  thus  provided  much  valuable  testi- 
mony as  to  the  migration  and  extinction  of  species. 

Climatic  Changes  in  the  Tertiary  Period  and  the  Resultant  Shift- 
ing of  Vegetation  Zones:  —  Shifting  of  the  climatic  zones  of  our  globe 
has  occurred  time  and  again.  A  study  of  the  fossil  remains  of  plaiits 
and  their  geographical  distribution  and  of  the  areas  of  the  species 
making  up  present-day  floras  gives  ample  evidence  of  this  fact.     In 
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order  to  understand  the  history  of  our  contemporary  floras,  of  greatest 
significance  are  those  climatic  changes  which  took  place  during  the 
Tertiary  period  and  during  the  glaciation  of  the  northern  hemisphere  at 
the  beginning  of  the  Quaternary  period. 

The  transition  from  the  Cretaceous  to  the  Tertiary  period  was  ac- 
companied in  many  parts  of  the  globe  by  the  uplifting  of  mountain 
chains  and  the  elevation  of  submerged  land  above  the  surface  of  the 
sea.  Precisely  at  this  time  there  were  formed  the  greatest  of  our 
mountain  systems:  the  Alps,  the  Himalayas,  the  Caucasus  Mts.,  and 
the  North  American  Cordilleras.  During  the  entire  Tertiary  period 
there  occurred  changes  in  climatic  zonation,  leading  to  corresponding 
changes  in  the  vegetation  zones.  The  most  striking  evidence  of  the 
grandiose  changes  that  took  place  during  the  Tertiary  period  are  the  re- 
markable findings  of  Cretaceous  and  Tertiary  fossil  remains  in  the 
Arctic.  Where  now  stretch  the  arctic  tundras  there  formerly  grew 
deciduous  forests  associated  with  a  temperate  climate. 

The  finding  in  the  Arctic  of  fossil  remains  of  many  genera  now 
distributed  in  the  temperate  zones  does  not,  however,  sufiice  to  prove 
that  in  the  past  tropical  climatic  conditions  prevailed  in  the  Arctic,  as 
Heer  has  presumed.  That  they  do  not  so  suffice  is  confirmed  by 
Gothan's  report  (191 5)  that  he  found  in  the  wood  of  Cretaceous 
conifers  distinct  annual  rings  (found  also  subsequently  in  fossil  Ter- 
tiary wood),  which  testifies  to  the  existence  in  the  Cretaceous  period  of 
alternating  cold  and  warm  seasons.  In  this  connection  Berry's 
conclusions  are  of  interest  (1930,  p.  29) :  — 

"There  is  no  unequivocal  botanical  evidence  of  tropical  or  subtropical  climates  at  any 
time  in  the  Arctic.  There  is  no  evidence  from  paleobotany  of  a  lack  of  climatic  zonation 
at  any  geological  period  from  which  fossil  plants  are  known,  although  at  such  times  the 
evidence  points  to  a  relative  mildness  and  a  lack  of  sharp  zonation,  as  compared  with  the 
present". 

This  viewpoint  of  Berry's  is  supported  by  Kryshtofovich  (1929, 
1933),  on  the  basis  of  his  numerous  investigations  of  the  fossil  vegeta- 
tion of  Asia,  particularly  his  study  of  a  collection  of  fossil  plants  from 
the  Lozva  River  in  the  northern  Urals  (61°  10'  N.).  The  species  com- 
position of  the  latter  flora  has  led  him  to  believe  that  this  flora  must 
have  required  for  its  existence  a  mean  annual  temperature  of  about 
10°  C.  He  further  assumes — based  on  the  finding  in  Eocene  and  Oli- 
gocene  deposits  in  the  southern  part  of  European  U.S.S.R.  (and  even 
more  in  western  Europe)  of  fossil  remains  of  such  plants  as  Nipa  and 
Sahal  pahns— that  at  50°  N.  in  southern  Russia  the  temperature  must 
have  been  not  less  than  i8°-20°  C,  while  in  western  Europe  on  the 
same  parallel  it  might  have  been  still  higher,  corresponding,  therefore, 
to  subtropical  or  even  tropical  climatic  conditions. 

As  regards  the  Tertiary  flora  of  Asia,  Kryshtofovich  states  the 
following  (1929,  p.  307):  — 

"Turning  now  to  the  Tertiary  Siberian  floras  we  are  not  able  to  find  in  them  any  re- 
mains that  would  permit  us  to  suggest  the  existence  anywhere  in  this  country  of  strictly 
tropical  or  subtropical  conditions  during  the  Tertiary  period.  On  the  contrary  all  the 
known  facts  concerning  the  territory  which  stretches  from  Turgai  and  Tomsk  on  the  west 
to  Vladivostok,  Corea  and  SakhaUn  on  the  east,  demonstrate  the  former  distribution  there 
of  a  flora  composed  mostly  of  temperate  types  such  as  Fagus,  Ulmus,  Alniis,  Betula,  Cory- 
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lus,  Populus,  Juglans,  Comptonia  and  Trapa,  and  almost  devoid  of  evergreen  elements  show- 
ing a  southern  character;  or  the  southern  plants,  if  present,  are  rare  and  doubtful.  There 
are  no  palms,  nor  are  there  cinnamons  or  figs  of  a  tropical  type  such  as  are  so  conspicuous 

in  the  older  Tertiary  flora  of  Europe In  proceeding  farther  east  we  find  the  same 

monotonous  Tertiary  flora  passing  across  the  Pacific  into  Alaska  .  .  .  However,  whilst 
in  Siberia  proper  any  traces  of  a  former  much  warmer  cUmate  and  an  associated  flora  are 
lacldng,  some  traces  of  these  phenomena  are  found  in  Turkestan  and  in  Japan". 

Nevertheless,  there  is  no  doubt  that  climatic  conditions  in  Siberia, 
even  as  far  north  as  the  Arctic  Ocean,  were  during  the  Tertiary  period 
considerably  milder  than  at  present,  which  made  possible  the  existence 
of  deciduous  species  resembling  types  at  present  found  in  eastern  Asia 
and  the  eastern  part  of  the  United  States.  At  the  same  time,  begin- 
ning with  the  Paleocene  stage,  in  western  Europe,  the  Ukraine,  and  the 
central  part  of  Russia  in  Europe  there  was  distributed  an  evergreen 
tropical  and  subtropical  flora,  characterized  by  such  evergreen  plants 
as  the  Nipa  and  Sabal  palms  and  species  of  Cinnamomutn,  Ocotea 
(Oreodaphne),  and  other  genera  of  a  tropical  type.  This  flora,  accord- 
ing to  Kryshtofovich  (1932),  resembles  most  closely  the  Indo- 
Malayan  type  of  paleotropic  flora,  whereas  the  later  Tertiary  flora  of 
these  regions  assumes  an  aspect  similar  to  the  present-day  flora  of 
eastern  Asia  and  the  eastern  part  of  the  United  States. 

Still  later,  at  the  very  close  of  the  Tertiary  or  the  beginning  of  the 
Quaternary  period,  due  to  the  further  lowering  of  temperature,  the 
covering  of  a  large  part  of  Europe  and  northern  Siberia  with  glaciers, 
and  the  considerable  decrease  in  precipitation  in  the  Mediterranean 
Basin  and  also  in  eastern  Europe  and  in  northern  and  central  Asia,  the 
species  composition  of  the  floras  of  the  regions  we  have  been  discussing 
completely  changed.  The  vegetation  of  the  tropical  zone,  on  the  other 
hand,  developed  almost  undisturbed,  due  to  the  fact  that  habitat  con- 
ditions there  remained  almost  unchanged.  Similarly,  the  vegetation 
of  southeastern  Asia,  particularly  Japan  and  southwestern  China,  and 
of  northern  Mexico  and  the  southeastern  and  southwestern  sections  of 
the  United  States  has  remained  practically  unchanged  since  the  Ter- 
tiary period,  not  having  undergone  those  sharp  climatic  changes  that 
the  vegetation  of  Europe  and  the  northern  part  of  North  America  has 
repeatedly  had  to  undergo. 

To  explain  these  great  climatic  changes  many  theories  have  been 
advanced.  It  is  not  our  purpose  here  to  go  deeply  into  this  problem; 
for  us  it  suffices  merely  to  point  out  that  the  vegetation  of  the  earth 
has,  at  various  times  during  the  earth's  history,  been  subjected  to  con- 
siderable changes,  corresponding  to  changes  in  cHmatic  zonation,  and 
that  these  changes  have  been  reflected  not  only  in  the  species  compo- 
sition of  floras  but  also  in  the  numerical  distribution  of  species. 

The  remarkable  evolution  of  the  plant  world  has  not  been  a  uni- 
form and  gradual  process.  On  the  contrary,  everything  indicates  that 
the  sudden  changes  in  habitat  conditions,  caused  by  violent  upheavals 
of  the  earth's  crust,  that  have  occurred  time  and  again  during  the 
earth's  long  history  have  given  a  marked  impetus  to  the  evolution  of 
forms,  have  induced  sudden  mutational  changes  leading  to  the  abrupt 
creation  of  new  forms,  to  processes  of  accelerated  species-formation, 
and  also  to  migrations  of  floras.    If  the  earth  had  remained  all  the  time 
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in  the  same  state  as,  let  us  say,  in  the  Carboniferous  period,  with  the 
same  distribution  of  climatic  zones,  the  same  climatic  conditions,  and 
the  same  distribution  of  land  and  sea,  there  is  no  doubt  that  the  earth's 
vegetation  would  not  have  attained,  simply  by  the  slow  processes  of 
natural  selection,  that  stage  in  its  evolution  at  which  it  now  finds 
itself.  Instead  of  the  angiosperms,  having  an  anatomical  structure 
adapted  to  intense  light  and  moderately  humid  habitat  conditions, 
perhaps  even  to-day  there  would  still  be  flourishing  Lepidodendron  and 
Sigillaria,  and  the  animal  world  would  be  represented  not  by  mammals 
and  man  but  by  gigantic  reptiles. 

The  great  geological  revolutions  that  have  periodically  occurred, 
inducing  intensified  mountain-formative  processes  and  accompanied  by 
the  advance  and  regression  of  seas  and  the  shifting  of  continents  as 
regards  their  position  in  relation  to  the  poles,  have  served  as  the  cause 
of  changes  in  the  location  of  the  climatic  zones.  These  latter  changes, 
in  turn,  have  led  to  ever  new  changes  in  the  distribution  of  plants  and 
animals,  producing  an  enormous  effect  on  their  development  and 
evolution. 

During  long  ages,  extending  to  the  very  close  of  the  Tertiary  period, 
the  distribution  of  the  climatic  zones  favored  the  development  of  the 
vegetation  of  the  northern  hemisphere.  In  contrast  to  the  com- 
paratively uniform  development  of  the  flora  of  the  northern  hemi- 
sphere, the  development  of  the  flora  of  the  southern  hemisphere  was 
time  and  again  disturbed.  Chief  among  such  disturbances  was  the 
great  southern  glaciation  in  the  Permo-Carboniferous  epoch  (perhaps 
also  a  second  later  one),  the  principal  center  of  development  of  which 
lay  in  South  Africa.  These  glaciations,  as  well  as  subsequent  climatic 
changes  during  the  Quaternary  period,  constitute  one  of  the  reasons 
for  the  poverty  of  the  flora  of  tropical  Africa  as  compared  with  Asia 
and  South  America. 

A  second  cause  of  the  more  uneven  course  of  development  of  the 
vegetation  of  the  southern  hemisphere  was  the  separation  of  the  conti- 
nents (accompanied  by  a  decrease  in  rainfall),  which  began  as  far  back 
as  the  Mesozoic  era.  This  was  necessarily  reflected  in  the  number  of 
species  in  the  flora  of  Africa,  since,  besides  being  cut  off  from  the 
vegetation  of  America,  Africa  was  almost  cut  off  from  the  rich  vege- 
tation of  Europe  and  Asia,  due  to  the  existence  in  the  region  of  the 
Sahara  in  the  Cretaceous  period  of  a  great  sea  and  in  later  times  of  a 
great  desert  that  barred  the  way  to  species  migrating  from  the  north. 

In  the  early  part  of  the  Quaternary  period  the  fate  of  South  Africa 
was  shared  by  Europe  and  North  America,  which  continents  had  pre- 
viously been  characterized  by  an  exceptional  wealth  of  plant  forms. 
At  the  present  time  Europe  is  one  of  the  poorest  continents  as  regards 
the  number  of  species  in  its  flora.  This  may  be  ascribed  to  the  fact 
that  the  flora  destroyed  during  the  Ice  Age  had  here,  as  compared  with 
North  America,  very  little  possibihty  of  becoming  restored.  The 
stocking  of  this  continent  with  new  vegetation  could  proceed  only  from 
the  south,  from  the  Mediterranean  Basin,  and  from  the  east,  from 
northern  and  southwestern  Asia,  which  regions  at  that  time  also  had 
greatly  impoverished  floras.  The  path  from  the  west,  from  North 
America,  was  closed,  since  the  Atlantic  Ocean  had  already  been  formed; 
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that   from  Africa  was   also   closed,   since   the  land-bridges  that  had 
formerly  connected  Europe  and  Africa  were  no  longer  in  existence. 

The  Ice  Age  and  Its  Effect  on  Vegetation:  —  The  climatic  changes 
that  commenced  about  the  middle  of  the  Tertiary  period  led  to  the 
Quaternary  glaciation  of  the  northern  hemisphere.    Having  first  started, 
presumably,  in  North  America,  it  spread  over  Europe  and,  to  some 
extent,  over  northern  Asia.     Considerable  expanses  of  territory  in  the 
latter  continent,  due  to  the  more  continental  character  of  the  climate, 
remained  uncovered  by  the  glaciers.     In  all  probability  the  present 
climatic  conditions  of  Greenland  closely  approximate  those  prevailing 
over  a  considerable  part  of  the  northern  hemisphere  many  thousands  of 
years  ago.     Glaciers  covered  all  of  western  Europe,  extending  as  far 
south  as  the  Thames,  on  the  west,  and  the  Carpathians,  on  the  east. 
All  of  northeastern  Europe  was  completely  covered  by  the  great  ice 
sheet,  which  extended  along  the  valleys  of  the  Dnieper  and  the  Don  as 
far  south  as  49°-5o°  N.    In  Siberia,  on  the  other  hand,  it  did  not  cross 
the  6oth  parallel,  and  a  number  of  regions,  particularly  in  the  north- 
eastern part,  remained  uncovered  by  the  ice-sheet.     The  extension  of 
the  ice-sheet  was  not   uninterrupted:    now  it   advanced,   now  it   re- 
treated.    Glacial  epochs  were  followed  by  interglacial  epochs,  charac- 
terized  by   comparatively  mild   climatic   conditions.     The   vegetation 
destroyed  by  the  glaciers  was  gradually  restored  as  a  result  of  the  re- 
turn of  some  of  the  species  that  had  been  forced  to  migrate  to  the 
south.     As  has  been  shown  by  various  collections  of  fossil  plants,  in- 
cluding those  made  at  Hotting  (near  Innsbruck)  in  the  Tyrolian  Alps 
(Wettstein,  1892),  there  grew  in  these  regions  during  the  last  inter- 
glacial epoch  many  plants  not  found  there  at  the  present  time.    One  of 
the  chief  stations  of  the  chestnut  was  located  at  an  altitude  of   1,080 
m.  above  sea  level;    grapes  grew  in  the  same  places  as  now;    Buxus 
and  Rhododendron  ponticum  were  widely  distributed,  whereas  now  in  the 
Mediterranean  Basin  there  have  survived  only  a  few  relic  specimens  in 
isolated  localities;    Laurus  canariensis,  Ficus  carica,   and  Cercis  Sili- 
quastrum  grew  near  Paris;    fossil  remains  of  Euryale  ferox,  an  aquatic 
plant  very  closely  related  to  Victoria  regia,  now  distributed  in  India 
and  eastern  Asia,  were  found  in  central  Russia  near  the  Oica  River 

(SUKATSCHEFF,    1908). 

The  glaciation  of  enormous  expanses  of  territory  in  the  northern 
hemisphere  could  not  but  be  reflected  in  a  lowering  of  temperature  in 
other  parts  of  the  globe,  even  including  the  tropics,  which  led  to  the 
formation  there  of  a  snow  cover— or,  if  such  already  existed  on  moun- 
tain tops,  to  a  lowering  of  the  snow-line— and  to  an  increase  in  precip- 
itation throughout  the  southern  hemisphere,  i.e.,  to  so-called  pluvial 
periods. 

A  study  of  glacial  phenomena  has  shown  that  the  glacial  epochs 
did  not  constitute  catastrophes  that  suddenly  descended  upon  the  plant 
and  animal  world  of  the  continents.  The  advance  and  retreat  of  the 
ice  occupied  a  period  of  thousands  of  years,  during  which,  as  a  result  of 
changes  in  climatic  conditions,  plants  and  animals  migrated,  as  the  ice 
advanced,  from  the  north  to  the  south  and  from  the  upper  altitudinal 
zones  to  the  plains  and  valleys,  and,  as  the  ice  retreated,  returned,  in 
part,  to  the  north  and  to  the  higher  altitudes. 
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Refuges  of  Species  diiring  Glacial  Periods  and  Migrations  of 
Species:  —  The  striking  fact  that  the  same  species  are  found  in  the 
Arctic  and  on  mountain  peaks,  in  localities  separated  from  one  another 
by  the  lowlands  of  the  temperate  zone,  where  these  species  cannot 
grow,  was  explained  by  Forbes  and  Darwin  as  an  effect  of  climatic 
conditions  during  the  Ice  Age.  As  the  great  ice-sheet  advanced  south- 
ward, the  arctic  flora  also  migrated  in  the  same  direction,  taking  the 
place  of  representatives  of  the  flora  of  the  temperate  zone  that  had 
died  out  or  had  likewise  migrated.  During  the  interglacial  epochs,  as 
the  climate  became  warmer,  the  arctic  species  retreated  to  the  north 
and  to  the  mountain  tops. 

During  the  glacial  epochs  the  species  of  the  north  temperate  zone 
migrated  southward,  following  chiefly  the  great  mountain  systems,  into 
southern  Europe,  southern  Asia,  Africa,  South  America,  and  that  part 
of  North  America  south  of  the  ice-sheet,  i.e.,  to  the  unglaciated  regions, 
where  pluvial  periods  coincided  in  time  with  the  northern  glaciations. 
During  the  dry,  warm,  interglacial  epochs,  on  the  other  hand,  desert 
xerophytes  spread  from  Africa  northward  into  the  temperate  zone. 

After  the  final  retreat  of  the  ice-sheets  and  the  shrinking  back  of 
the  snow-line  the  mountain  slopes  and  enormous  expanses  of  territory, 
on  which  the  former  vegetation  had  been  destroyed,  began  gradually 
to  be  re-stocked  with  plants,  which  spread  northward  following  close 
in  the  wake  of  the  receding  ice.  The  mixed  flora,  composed  of  arctic 
species  that  had  previously  migrated  southward  and  were  growing  on 
the  fringe  of  the  ice-sheet  and  of  alpine  species  that  had  descended 
from  the  mountain  tops,  now  returned  to  the  north  and  to  the  alpine 
heights,  inhabiting  the  territories  recently  freed  from  ice. 

In  mountainous  regions  located  at  more  southern  latitudes,  where 
the  vegetation  was  affected  to  only  a  slight  degree  by  glacial  phenom- 
ena, and  also  within  the  hmits  of  the  Alps  themselves,  where  un- 
doubtedly even  in  regions  covered  by  glaciers  there  were  cliffs, 
canyons,  and  sheltered  spots  that  remained  free  of  the  ice  cover- 
ing, the  pre-glacial  flora  was  preserved  (see  Engler,  1916,  and 
Briquet,  1908)  and  there  took  place  an  intermingling  of  the  new- 
comers and  the  indigenes.  An  analysis  of  the  present  species  composi- 
tion of  the  flora  of  the  Alps  reveals  with  all  clarity  its  mixed  character 
(Jerosch,  1903). 

As  the  climate  became  still  warmer  and  the  fringe  of  the  retreating 
ice-sheet  withdrew  farther  north,  the  mixed  arctic-alpine  flora  was 
crowded  farther  and  farther  north  by  the  forest  flora,  the  species  com- 
position of  which  had  changed,  as  we  have  seen,  corresponding  to  the 
climatic  changes  that  had  taken  place.  The  freed  territory  was  like- 
wise colonized  by  herbaceous  plants.  Paleobotanic  data  give  us 
practically  no  aid  in  judging  as  to  the  composition  and  origin  of  the 
elements  of  this  flora.  We  needs  must  resurrect  the  history  of  its 
formation  on  the  basis  of  an  analysis  of  the  species  composition  of  the 
flora  occupying  this  territory  to-day. 

Whence  came  this  vegetation  on  territory  covered  with  ice  for 
thousands  of  years?  There  is  no  doubt  that  the  re-stocking  of  this 
territory  did  not  occur  all  at  once  but  at  various  times  and  that  the 
invading  species  came  not  from  one  but  from  many  places,  from  many 
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centers  of  dispersal.  As  such  centers  there  must  have  served,  first  of 
all,  those  territories  and  mountain  peaks  (so-called  "nunataks")  which, 
although  lying  within  the  glaciated  areas,  were  not  covered  by  the  ice. 
That  pre -glacial  vegetation  did  survive  in  such  places  ijiay  now  be 
considered  a  definitely  established  fact. 

Secondly,  as  centers  of  dispersal  there  served  those  territories  lying 
directly  south  of  the  ice-sheet's  fringe.  We  now  regard  as  erroneous 
the  opinion  formerly  held  that  during  the  Ice  Age  the  vegetation  was 
destroyed  not  only  on  the  glaciated  territory  but  also  in  a  wide  radius 
about  it.  There  are  data  establishing  the  fact  that  the  arctic  (Dryas) 
flora  occupied  only  a  more  or  less  narrow  strip  along  the  edge  of  the 
ice-sheet,  beyond  which  the  vegetation  comprised  herbaceous  and 
forest  species  of  a  more  heat-loving  type.  This  is  evidenced  by  the 
fossil  tree-trunks  and  other  parts  of  woody  plants  found  within  the 
limits  of  this  zone.  Formerly,  often  solely  on  the  basis  of  the  fallaci- 
ous assumption  that  at  such  a  distance  from  the  ice-sheet  there  could 
have  existed  only  tundra  vegetation,  such  fossil  remains  were  referred 
only  to  the  interglacial  epochs. 

Thirdly,  as  centers  of  dispersal  for  the  re-stocking  of  the  territories 
freed  from  the  ice,  there  served  those  refuges  or  sheltered  stations,  pri- 
marily mountain  systems,  where  the  Ice  Age  did  not  have  such 
catastrophic  consequences  for  plant  life  and  where  there  survived  a 
Tertiary  flora,  though  in  some  cases  in  an  impoverished  state. 

There  is  a  great  diversity  of  opinion  as  to  which  regions  retained 
during  the  Ice  Age  their  forest  vegetation.  The  chief,  and  generally 
recognized,  refuges  in  Europe  may  be  regarded  as  the  following  (from 
west  to  east):  the  Mediterranean  Basin,  including  the  Pyrenees, 
Cevennes,  and  other  mountains  of  southern  France,  the  Apennines,  the 
southern  spurs  of  the  Alps,  and  the  mountain  sj'stems  of  the  Balkans; 
the  mountains  of  southern  Germany  (possibly  also  the  Schwabische 
Jura);  the  mountains  of  Lower  Austria  (possibly  including  the  ad- 
joining Bohmisch-Mahrische  Hohen);  the  Carpathians  and  the  Banat 
hills;  the  mountains  of  the  Crimea  and  the  Caucasus  and  the  adjoining 
mountain  systems  of  Asia  Minor  and  Iran  (Lammermayr,  1923).  Most 
of  these  mountain  systems  run  east  and  west,  in  consequence  of  which 
they  constituted  a  barrier  beyond  which  the  heat-loving  Tertiary  vege- 
tation could  not  retreat  as  it  fled  from  the  cold  advancing  from  the 
north. 

The  impoverishment  of  the  Tertiary  vegetation  was  a  slow  process. 
After  each  advance  of  the  ice-sheet  it  lost  a  number  of  its  elements. 
Only  the  southern  part  of  North  America  and  those  southern  regions 
of  Europe  protected  on  the  north  by  mountain  chains,  such  as  the 
Mediterranean  Basin,  Transcaucasia,  and  southern  Crimea,  retained  a 
large  number  of  species  of  their  pre-glacial  flora.  Consequently,  the 
vegetation  occupying  the  territory  freed  from  the  glaciers  was  con- 
siderably poorer  than  that  inhabiting  the  same  territory  in  pre-glacial 
times.  In  North  America,  where  the  mountain  chains  run  north  and 
south,  the  vegetation  that  retreated  during  the  Ice  Age  did  not  en- 
counter any  such  barriers  as  in  Europe,  and  so  it  was  able  to  migrate 
considerably  farther  south.  This  explains  why  there  is  a  greater  per- 
centage  of   Tertiary   elements   in   the   present-day  floras   of   formerly 
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glaciated  territories  in  North  America  than  in  those  of  similar  terri- 
tories in  Europe. 

But  this  return  of  species  to  their  old  habitats  does  not  by  any 
means  account  for  all  the  migrations  of  species  that  resulted  from  the 
Ice  Age.  The  territory  freed  from  the  ice  offered  favorable  conditions, 
due  to  the  absence  of  competition  and  of  a  closed  vegetation,  for  the 
invasion  of  plants  from  lands  but  sHghtly  affected  by  the  Ice  Age. 
Moreover,  the  alternation,  in  post-glacial  times,  of  dry  and  humid  cli- 
matic conditions  led  to  corresponding  migrations  of  the  hydrophytic 
and  xerophytic  elements  of  the  various  floras.  Asia  constituted  the 
chief  center  from  which  there  flooded  into  Europe  a  new  vegetation. 
South  Siberian  and  Central  Asiatic  species,  which  penetrated  into  Eu- 
rope, presumably,  south  of  the  Urals,  species  of  the  Aral-Caspian  desert 
flora,  mountain  species  of  the  Caucasus  and  Western  Asia — these  were 
the  elements  which  enriched  the  flora  of  Europe  and  the  advance  of 
which  to  the  west  is,  in  all  probability,  still  in  progress. 

Climatic  Changes  and  Successions  of  Vegetation;  The  Post-Glacial 
Period:  —  The  retreat  of  the  ice-sheets  was  not  achieved  at  one  stroke. 
They  alternately  advanced  and  retreated  several  times,  each  succeeding 
advance  being  less  than  the  preceding.  Similarly,  the  snow-line  receded 
to  higher  altitudes,  at  each  stage  lying  300-400  m.  higher  than  before. 
The  present  line  lies  at  approximately  this  distance  above  the  ridge  of 
moraine  left  by  the  last  advance  of  the  glaciers.  After  the  final  retreat 
of  the  glaciers  and  ice-sheets  the  territory  previously  occupied  by  them, 
including  all  the  northern  part  of  eastern  Europe,  was  covered  by 
numerous  lakes  and  the  entire  Baltic  depression  was  filled  with  water. 
These  lakes  have  only  been  preserved  in  small  part  to  the  present  day; 
most  of  them,  thanks  to  a  gradual  deepening  of  the  river  beds,  have 
either  dried  up  or  become  converted  into  peat-bogs. 

Climatic  conditions  in  the  post-glacial  period,  according  to  Blytt 
(1876,  1882),  were  characterized  by  age-long  oscillations,  warm,  humid 
periods  alternating  with  dry,  colder  periods.  Assuming  such  climatic 
oscillations,  it  is  possible  to  understand  the  present-day  distribution 
and  grouping  of  species  in  the  flora,  let  us  say,  of  the  Scandinavian 
peninsula.  In  particular,  as  regards  the  flora  of  Norway,  Blytt  es- 
tablished six  groups  of  species,  each  having  a  definite  geographical 
distribution : 

The  first  group  is  confined  in  southern  Norway  to  the  mountains 
and  in  northern  Norway  to  the  plains  and  bears  a  purely  arctic  charac- 
ter. Typical  species  of  this  group  are  Dryas  octopetala  and  a  dwarf 
willow,  Salix  reticulata.  This  type  of  vegetation  is  likewise  character- 
istic of  Greenland,  Spitzbergen,  and  other  arctic  regions. 

The  second  group  is  composed  of  species  which,  like  the  preceding, 
avoid  humid  habitats,  growing  far  from  the  shore  and  at  altitudes  up  to 
2,000  ft.  above  sea  level.  However,  this  group  is  considerably  richer  in 
species  than  the  preceding  group.  Here  we  already  find  deciduous 
shrubs  and  trees,  such  as  the  hazelnut,  elm,  linden,  ash,  maple,  oak 
(Quercus  pedunculata) ,  Sorbus  aria,  etc.,  and  also  a  considerable  di- 
versity of  herbaceous  species.  This  type  of  flora  Blytt  designated  as 
boreal. 
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Still  richer  in  species  is  the  third  group,  also  connected  with  arid, 
continental  climatic  conditions.  In  it  we  find  a  new  sub-boreal  ele- 
ment, viz.:  Spiraea  filipendula,  Geranium  sanguineum,  Thymus  chamae- 
drys,  Rhamnus  cathartica,  Fragaria  collina,  etc. 

In  addition  to  these  three  groups  of  species,  there  are  two  others 
which,  in  contrast  to  the  preceding,  prefer  humid  habitats  near  the  sea- 
shore. The  first  of  these  Blytt  calls  an  Atlantic  flora,  inhabiting  the 
most  humid  places  along  the  shore.  The  number  of  species  belonging 
to  this  flora  become  less  and  less,  the  farther  from  the  shore  and  the 
more  continental  the  habitat  conditions.  To  this  group  belong: 
Ilex,  Digitalis  purpurea,  Erica  Tetralix,  etc.  The  second  is  a  sub-Atlantic 
flora,  concentrated  in  the  southernmost  parts  of  the  shore.  Here  we 
find,  for  instance,  Gentiana  pneumonanthe,  Cladium  mariscus,  and  Teu- 
crium  scorodonia. 

Lastly,  the  sixth  group  comprises  the  subarctic  flora  distributed 
throughout  the  entire  country.  It  also  is  linked  with  humid  climatic 
conditions,  for  its  species  do  not  avoid  the  coast  regions. 

The  species  composing  these  groups  are  frequently  found  in  mixed 
communities,  but  in  some  places  the  species  of  one  and  in  others  those 
of  another  group  predominate  to  such  an  extent  that  there  can  be  no 
doubt  that  each  group  possesses  a  specific  history  of  origin. 

In  view  of  the  fact  that  the  Scandinavian  peninsula  during  the  Ice 
Age  could  have  retained  only  insignificant  remnants  of  its  pre-glacial 
vegetation,  since  it  was  almost  entirely  covered  by  the  great  ice-sheet, 
it  is  clear  that  its  present  vegetation  could  have  penetrated  its  terri- 
tory only  from  places  farther  south  and  only  after  the  ice-sheet  had 
begun  its  retreat.  Moreover,  each  of  the  above-mentioned  floras  con- 
stitutes a  group  of  species  that  simultaneously  invaded  those  parts  of 
Scandinavia  from  which  the  ice  had  receded. 

If  we  now  keep  in  mind  that  these  floristic  groups  constitute  com- 
binations of  xerophytic  or  hydrophytic  elements,  the  conclusion  natu- 
rally follows  that  the  climate  of  the  post-glacial  period  underwent  great 
changes,  periods  of  cold,  dry  climate  alternating  with  periods  of  warm, 
humid  climate.  Such  alternations  of  cHmate  occurred  repeatedly,  and 
during  each  respective  climatic  period  there  took  place  an  invasion  into 
Norway  of  a  corresponding  group  of  species.  Each  group  of  new- 
comers, adapted  to  the  climatic  conditions  prevaiHng  at  the  time, 
crowded  out  their  predecessors  that  had  invaded  the  peninsula  during 
the  preceding  climatic  period.  The  latter,  however,  did  not  entirely 
disappear;  some  were  preserved  in  sheltered  places,  where  the  climatic 
conditions  were  such  as  to  secure  them  from  competition  with  the  new 
invaders. 

There  remains  now  only  to  establish  in  what  sequence  Norway  was 
restocked  with  vegetation,  and,  consequently,  in  what  sequence  there 
took  place  the  alternate  periods  of  cold,  dry  and  warm,  humid  climate. 
The  answer  to  this  question  we  find  in  the  peat-beds  of  Scandinavia, 
the  plant  remains  in  the  successive  layers  of  which  testify  very  posi- 
tively to  a  definite  sequence  in  the  succession  of  floras.  These  peat- 
beds,  according  to  Blytt,  show  that  three  times  during  the  course  of 
their  formation  there  were  dry  periods,  lasting  presumably  for  thou- 
sands of  years,  when  the  formation  of  peat  ceased  and  the  peat-bogs 
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became  grown  over  with  forests.  Alternating  with  these  dry  periods 
there  were  humid  periods,  when  the  forests  perished  and  their  place 
was  occupied  by  bog  moss  (Sphagnum)  and  the  peat  deposits  again 
steadily  grew  over  long  periods  of  time. 

Steenstrup  (cited  by  Blytt)  established  in  peat  deposits  in  Den- 
mark four  layers,  corresponding  to  four  stages  in  the  history  of  the 
invasion  of  this  region  by  vegetation.  The  lowest  layer  is  characterized 
by  the  predominance  of  aspen  leaves  {Populus  tremula);  above  it  lies  a 
layer  in  which  debris  of  pine  trunks  predominates;  above  that  a  layer 
in  which  the  oak,  Quercus  sessiliflora,  predominates;  and,  lastly,  in  the 
uppermost  layer  we  find  the  alder  (Alnus  glutinosa)  to  be  predominant. 
He  designates  these  layers,  found  in  the  same  sequence  in  many  peat- 
beds  in  Denmark,  as  the  aspen,  pine,  oak,  and  alder  layers.  The  con- 
clusion necessarily  drawn  is  that  these  four  layers  in  the  peat-beds  of 
Denmark  correspond,  in  the  sequence  of  their  stratification,  to  the  four 
layers  in  the  peat-beds  of  southern  Norway.  Analyzing  these  data, 
Blytt  considers  it  possible  to  presume  the  following  sequence  in  the 
alternation  of  climatic  conditions  in  Denmark  and  southern  Norway:  — 

/.  End  of  Ice  Age.    Climate  humid. 

2.  .\rctic  flora:   Dryas,  arctic  willows  and  birches.     Climate  dry,  continental,  arctic. 

J.  Peat  with  leaves  of  aspen  and  birch  {Betula  odorala). 

4.  Remains  of  roots  and  other  parts  of  forest  trees. 

5.  Peat  with  remains  of  Piniis. 

(During  the  deposition  of  the  3rd,  4th,  and  sth  layers  there  occurred  the  invasion  of 
these  regions  by  a  subarctic  flora.) 

6.  Remains  of  trunks  and  other  parts  of  forest  trees,  including  the  hazelnut,  oak,  and 

other  heat-loving  species.     (Invasion  by  boreal  flora.) 

7.  Peat  with  remains  of  the  trunks  of  the  oak,  Quercus  sessiliflora,  which  at  that  time  was 

more   widely   distributed   than   now,   attesting   a   warmer   cUmate.      (Invasion   by 
Atlantic  flora.) 

8.  Remains  of  roots  and  other  parts  of  forest  trees.     (Invasion  by  sub-boreal  flora.) 
g.   Peat  —  almost  pure  Sphagnum.     (Invasion  by  sub-Atlantic  flora.) 

10.  Contemporary.  The  peat  bogs  are,  for  the  most  part,  dried  up  and  partially  over- 
grown with  forests;  a  new  layer  of  roots  is  in  process  of  formation,  which  will  again 
be  buried  under  layers  of  peat  as  soon  as  there  ensues  a  new  pluvial  period.  {Con- 
temporary flora.) 

This  alternation  of  climatic  periods  Blytt  associated  with  changes 
in  the  direction  of  ocean  currents,  caused  by  shiftings  of  the  Scandi- 
navian shield  and  consequent  changes  in  the  temperature  of  the  water 
of  the  seas  washing  the  coasts  of  Scandinavia.  These  views  have  been 
confirmed  by  investigations  as  to  variations  in  the  level  of  the  North 
and  Baltic  Seas. 

Blytt's  theory  was  definitely  substantiated  by  the  investigations  of 
peat-beds  made  by  Sernander  (1892,  1910)  and  his  followers,  who 
employed  very  exact  and  improved  methods  of  investigation.  Basing 
himself  on  the  fundamental  principles  of  Blytt's  system,  Sernander 
gives  his  own  scheme  of  the  alternations  of  climatic  periods,  in  con- 
structing which  he  also  employs  archaeological  data.  Besides  the  fact 
that  the  alternations  in  cUmatic  periods  are  provided  with  more  sub- 
stantial proof,  Sernander's  scheme  has  the  advantage  of  being  simpler 
than  Blytt's.  This  scheme,  known  as  the  Blytt-Sernander  scheme, 
with  some  modifications  based  on  subsequent  investigations,  is  at 
present  the  one  most  widely  accepted.     However,  many  other  view- 
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points  on  this  subject,  often  quite  contradictory,  have  been  expressed. 
Despite  their  great  interest,  we  cannot  go  into  them  here.  The  chief 
cause  of  the  many  disagreements  was  the  chance  nature  of  the  findings 
of  plant  remains  and  the  lack  of  precision  in  determining  the  numerical 
ratios  of  the  various  species  in  the  deposits,  this  leading  to  contradic- 
tory interpretations.  Fortunately,  we  now  possess  a  more  perfected  and 
precise  method  of  determining  the  species  composition  of  former  floras 
and  the  numerical  ratios  of  the  component  species.  This  is  the  method 
of  pollen-statistics,  which  involves  a  study  of  the  fossilized  pollen  of 
plants  found  in  peat  deposits. 

Method  of  Pollen-Statistics:  —  Fossilized  pollen  grains  in  post-glacial 
deposits  have  been  known  since  the  end  of  the  nineteenth  century. 
The  first  work  on  a  calculation  of  species  ratios  based  on  pollen-statis- 
tics was  published  by  Weber  in  1896,  and  the  first  methodological 
principles  of  pollen  analysis  were  worked  out  by  Lagereieim  in  1905 
and  1909.  But  a  detailed  elaboration  of  the  method  of  pollen-statistics 
was  made  only  in  191 6  by  von  Post  and  his  associates,  the  method 
being  at  first  applied  chiefly  in  Sweden.  It  has  now  become  widely 
adopted,  and,  as  a  result,  we  already  have  considerable  data  and  maps 
of  the  former  distribution  of  forests  and  the  species  composing  these 
forests  for  a  number  of  European  countries.  At  the  same  time,  the 
method  itself  has  been  further  elaborated  and  made  more  precise. 

The  method  of  pollen-statistics  is  based  on  the  fact  that  the  pollen 
grains  of  different  species  of  plants  may  be  distinguished  from  one 
another  by  their  specific  structure.  The  structure  of  the  outer  coat  of 
the  pollen  grain  is  specific  for  each  genus  and  often  for  each  species, 
constituting  a  good  character  for  taxonomic  classification.  Moreover, 
the  pollen  of  many  species  is  well  preserved  in  peat  deposits,  which 
makes  it  possible  by  studying  such  fossilized  pollen  not  only  to  deter- 
mine the  genera  and  species  comprised  in  a  forest  at  the  time  the  pollen 
was  produced,  but  also,  by  calculating  the  number  of  pollen  grains  for 
each  species,  to  determine  the  relative  proportions  of  the  various  species 
in  the  given  forest. 

The  many  investigations  of  this  kind  that  have  been  made  have  al- 
ready elucidated  quite  precisely  for  a  number  of  countries  the  com- 
position of  the  vegetation  at  different  stages  during  the  post-glacial 
period.  As  an  example,  we  may  take  Rxidolf's  (1931)  conclusions, 
based  on  a  summary  of  all  available  data,  whereby  he  divides  the 
history  of  the  forests  of  central  Europe  into  the  following  four  periods: 

1.  Birch-Pine  Stage  {Pre-Boreal  Period).  Throughout  all  of  central 
Europe  the  chief  trees  are  the  pine  (Pinus),  the  birch  {Betula),  and  the 
willow  (Salix).  The  predominance  of  the  birch,  and  also  of  the  willow, 
is  greater  toward  the  west  and  north.  Other  forest  species  are  sporadi- 
cally, though  in  places  quite  widely,  distributed.  The  spruce  (Picea) 
for  some  time  is  dominant  in  central  Russia,  and  it  is  also  widely  dis- 
tributed in  the  Carpathians  and  eastern  Alps.  At  times,  instead  of  the 
birch,  the  pine  becomes  predominant. 

2.  Hazel  Stage  (Boreal  Period).  The  hazel  (Corylus)  frequently 
occupies  a  dominant  position,  particularly  in  the  west  and  in  moun- 
tainous districts  of  the  east.    Oak  woods  begin  to  become  widely  dis- 
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tributed  throughout  the  entire  region.  The  spruce  at  first  is  limited 
to  mountain  habitats  in  the  Alps  and  Carpathians,  but  it  is  later  found 
also  in  the  more  northern  parts  of  the  mountain  chains.  Only  in  the 
western  mountainous  districts  is  the  fir  beginning  to  become  distrib- 
uted.   The  birch  and  pine  are  becoming  less  widely  distributed. 

3.  Mixed  Oak  Forest  Stage  {Atlantic  Period).  Mixed  oak  forests 
occupy  a  dominant  position  or,  in  any  case,  are  characteristic  of  the 
forests  of  central  Europe  of  this  period.  At  first,  besides  the  oak,  the 
elm  {Ulmus)  and  the  lime  or  linden  {Tilia)  dominate  in  the  forests; 
later  only  the  oak.  In  districts  where  the  spruce  and  fir  are  distrib- 
uted, these  trees,  which  find  themselves  at  a  stage  of  expanding 
distribution,  compete  with  the  oak.  Finally,  the  fir  in  the  central  alti- 
tudinal  belts  of  the  mountains  in  the  west  and  the  spruce  in  the  east 
and  in  the  higher  altitudinal  belts  of  the  west  predominate,  while  the 
oak  retains  its  dominant  position  in  the  deciduous  forest  districts.  The 
hazel  has  by  this  time  become  only  a  shrub.  Toward  the  end  of  the 
Atlantic  period  the  forests  of  central  Europe  are  enriched  by  the  beech, 
which  becomes  widely  distributed,  together  with  the  hornbeam  {Car- 
pinus). 

4.  Beech  Stage  (Sub-Boreal-Sub-Atlantic  Period).  The  beech  (Fagus) 
occupies  a  dominant  position  in  the  deciduous  forests  of  central  Europe. 
It  is  widely  distributed  in  coniferous  forests,  but  here  it  finds  itself  in 
competition  with  the  conifers,  particularly  the  fir. 

5.  Stage  of  Man's  Influence  on  Forests.  The  forests  are  destroyed 
over  a  considerable  part  of  the  territory  of  central  Europe.  Reforesta- 
tion destroys  the  virgin  state  of  the  forest.  In  coniferous  forest  dis- 
tricts deciduous  species  are  crowded  out  by  the  spruce  and  pine,  while 
in  deciduous  forest  districts  the  distribution  of  the  pine  is  artificially 
fostered. 

From  the  hazel  stage  to  the  beech  stage  the  upper  limit  of  the 
forests,  as  well  as  the  altitudinal  boundary  of  a  number  of  forest 
species  in  the  mountains  of  central  Europe,  was  several  hundred 
meters  higher  than  now,  corresponding  to  the  more  northern  distri- 
bution of  a  number  of  species  in  Scandinavia  during  the  warm,  post- 
glacial period. 

This  complex  picture  of  the  succession  of  vegetation  cannot  but  be 
the  result  of  a  number  of  different  causes,  just  as  at  present  the  areas  of 
species  are  the  result  not  of  any  one  factor  but  of  a  combination  of 
factors.  Moreover,  there  is  no  doubt  that  the  chief  of  these  factors  is 
cUmate,  and  also  that  the  described  succession  of  plant  formations  is 
due  primarily  to  changes  in  climatic  conditions.  There  no  longer  exist 
any  disagreements  on  this  point,  but  the  precise  determination  of  the 
climatic  periods,  as  based  on  changes  in  the  composition  of  the  vege- 
tation, and  their  chronological  sequence  are  problems  that  are  far  from 
being  solved  and  that  are  still  the  subject  of  heated  dispute. 

All  the  foregoing  leaves  no  doubt  as  to  the  significance  of  historical 
causes — of  the  changes  in  climate  and  in  the  distribution  of  land  and 
sea  that  have  taken  place  on  the  globe  in  different  geological  periods — 
for  an  understanding  of  the  present  distribution  of  species  and  floras 
and  their  groupings.  We  shall  now  examine  various  current  theories 
regarding  the  historical  changes  that  have  occurred  on  the  face  of  the 
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earth,  with  the  aim  of  determining  which  of  them,  from  a  phytoge- 
ographical  standpoint,  is  the  soundest  and  most  plausible. 
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Chapter  X 

HISTORICAL  CAUSES  FOR  THE  PRESENT  STRUCTURE 
OF  AREAS  AND  THE  COMPOSITION  OF  FLORAS 

From  the  preceding  chapters  it  is  clear  that  in  many  cases  the 
structure  of  the  areas  of  species  and  the  composition  of  floras  cannot 
be  explained  by  existing  factors.  The  present  distribution  of  any  given 
species  is  a  reflection  of  the  geological  revolutions  and  cUmatic  changes 
that  have  occurred  on  our  globe  during  the  entire  period  of  existence  of 
that  species.  An  elucidation  of  these  great  changes  in  the  surface  of 
our  planet  is  the  task  of  historical  geology  and  paleogeography,  a  task 
as  yet  far  from  fulMment.  Consequently,  the  elucidation  of  the  his- 
tory of  areas,  the  most  difficult  task  of  biogeography,  hkewise  falls  far 
short  of  achievement.  In  the  present  chapter  we  can,  therefore,  do  no 
more  than  examine  the  chief  theories  that  have  been  advanced  and  point 
out  which  give  the  most  plausible  and  satisfactory  explanation  of  the 
knotty  problems  of  historical  plant  geography. 

From  very  ancient  times — at  first  without  adequate  foundation  and 
later,  with  the  development  of  geology  and  biogeography,  on  the  basis 
of  numerous  data — the  conviction  has  been  held  that  the  distribution 
of  lands  and  seas  was  not  always  the  same  as  now.  For,  if  it  had  been, 
a  considerable  number  of  facts,  both  of  a  geological  and  biogeographical 
nature,  would  be  inexplicable.  The  sedimentary  character  of  the  rocks 
covering  extensive  territories  on  the  continents  and  the  finding  in  these 
rocks  of  fossil  marine  animals  testify  to  the  fact  that  at  one  time  seas 
covered  these  parts  of  the  continents.  That  many  islands  formerly 
constituted  a  part  of  the  mainland  is  shown  by  the  geological  structure 
of  these  islands,  by  their  fossil  and  extant  fauna  and  flora,  and  by  the 
finding  of  submerged  trees  in  various  straits  and  channels,  e.g.,  in  the 
English  Channel.  Furthermore,  the  outermost  edges  of  continents  and 
islands  do  not  necessarily  coincide  with  their  shore  lines,  as  their  outer 
margins  often  he  submerged  under  so-called  "shelf  seas".  The  latter 
differ  in  extent,  but  their  boundaries  may  be  ascertained  with  consider- 
able precision.  The  determination  of  these  boundaries  gives  certain 
clues  to  the  changes  that  have  taken  place  in  the  distribution  of  lands 
and  seas  on  the  globe  and  on  the  probable  existence  in  former  times  of 
connections  between  bodies  of  land  now  separated  by  the  sea.  Bio- 
geographical data,  in  many  cases,  indicate  that  these  changes  occurred 
at  a  comparatively  recent  date. 

I.  Theory  of  Land  Bridges. — We  have  already  seen  that  a  con- 
siderable number  of  cases  of  discontinuous  areas  of  plants  (and  these 
might  be  supplemented  by  an  equal  number  of  instances  of  similarly 
distributed  animals)  cannot  be  regarded  as  accidental  and  require  ex- 
planation. Often  there  seems  to  be  only  one  possible  explanation,  viz., 
that  there  formerly  existed  some  sort  of  connection  between  the  iso- 
lated habitats  and  that  the  now  discontinuous  areas  were  formerly 
continuous.    Hence,  many  investigators  have  assumed  that  at  one  time 
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great  "lost  continents"  or  land-bridges  of  one  form  or  another  con- 
nected the  continents  now  separated  by  oceans.  On  the  basis  of 
geological  and  paleontological  data  for  different  geological  periods  there 
have  been  postulated  various  connections  between  the  continents,  pre- 
sumably later  having  sunk  to  the  bottom  of  the  sea  and  having  been 
replaced  by  the  upheaval  of  other  land-bridges  connecting  other  bodies 
of  land.  According  to  this  theory,  the  distribution  of  land  and  sea  has 
undergone  constant  change  during  the  long  history  of  the  earth. 

The  complex  conformation  of  these  putative  land-bridges  clearly 
testifies  to  the  artificial  character  of  the  hypotheses  resting  upon  their 
probable  role.  This,  together  with  the  fact  that  there  are  a  number 
of  geophysical  and  geological  arguments  against  this  theory,  has  made 
it  necessary  to  seek  for  new  ways  of  explaining  the  former  continuity 
of  the  now-discontinuous  areas  of  organisms,  all  the  more  since  the 
time  when  these  land-bridges  were  supposed  to  exist  is  not  always  such 
as  to  be  able  to  account  for  such  continuity. 

Even  as  regards  biogeography,  to  which  the  creation  of  this  cum- 
brous theory  was  a  concession,  it  far  from  solves  all  the  incompre- 
hensible moments  in  the  distribution  of  organisms.  In  particular,  it 
leaves  unclarified  why  plants  in  former  geological  periods  grew  in 
regions  outside  the  climatic  zones  in  which  their  present  habitats  are 
found,  and  also,  which  is  very  important,  it  gives  no  satisfactory  ex- 
planation of  discontinuous  areas.  If  identical  or  closely  related  species 
are  found  on  two  continents  separated  by  an  ocean,  we  cannot  explain 
this  discontinuity  of  area  merely  by  assuming  the  former  existence  of  an 
intervening  continent  where  the  ocean  now  lies.  It  would  Hkewise  be 
necessary  to  assume  that  over  the  entire  extent  of  this  great  "lost 
continent"  there  existed  like  ecological  conditions,  similar  to  those  in 
the  outlying  portions  of  the  area  of  the  given  species,  these  portions 
having  been  preserved  in  the  form  of  isolated  fragments  of  a  once- 
continuous  area.  This  can  hardly  be  regarded  as  an  acceptable  hypoth- 
esis. 

2.  Theory  of  the  Permanence  of  Oceans  and  Continents. — Against  the 
theory  of  land-bridges,  despite  its  partial  fulfillment  of  the  requirements 
of  paleontology  and  biogeography  and  its  acceptance  by  many  ge- 
ologists, there  were  advanced,  beginning  with  the  middle  of  the  past 
century,  a  number  of  serious  objections.  On  the  basis  of  these  objec- 
tions a  new  theory  was  proposed,  the  theory  of  the  permanence  of 
oceans  and  continents.  Among  biologists  this  theory  found  many 
supporters,  the  most  outstanding  being  Darwin  and  Wallace.  The 
arguments  advanced  against  the  existence  in  the  past  of  great  conti- 
nents that  subsequently  subsided  to  the  bottom  of  the  sea  are  so 
weighty  that  biogeographers  cannot  fail  to  take  them  seriously  into 
account.     These  arguments,  in  brief,  are  as  follows: 

Upon  the  upheaval  of  continental  masses  in  the  area  of  our  present 
oceans  the  great  mass  of  water  that  had  been  in  these  oceans  would 
have  inundated  all  the  continents,  both  old  and  new,  except  for  the 
highest  mountain  peaks.  Thus,  the  very  continental  connections  that 
it  was  desired  to  create  by  the  assumption  of  the  existence  of  such 
"lost  continents"  would  not  have  existed. 

But  if  it  be  assumed  that  the  position  of  the  oceans  and  continents 
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in  former  periods  of  the  earth's  history  was  not  the  same  as  at  present, 
that  where  there  are  now  continents,  or  at  least  over  part  of  their 
territory,  there  were  deep  oceans  and  where  the  latter  now  are  there 
were  continents,  then  in  the  rocks  of  which  our  continents  are  composed 
there  should  be,  over  considerable  expanses  of  territory,  deep-sea  de- 
posits, attesting  that  at  one  time  the  given  continent  was  at  the  bot- 
tom of  the  ocean.  Such  deep-sea  deposits,  however,  are  not  to  be 
found  on  our  continents.  This  serves  as  grounds  for  concluding  that 
our  present  continents  were  never  covered  by  oceans  and,  in  contrast 
to  the  ocean  depths,  always  constituted  elevated  land-masses.  On 
their  surface  in  former  geological  periods,  just  as  at  present,  there 
existed  relatively  shallow  seas,  but  a  large  part  (at  least  one-third)  of 
their  surface  was  always  dry  land  (Soergel,  1917,  p.  11).  Slight  vari- 
ations in  the  level  of  the  ocean,  amounting  to  as  much  as  several  hun- 
dred meters,  accompanied  by  a  depression  or  elevation  of  the  strand 
Hnes,  may  change  considerably  the  contours  of  our  continents,  but  they 
cannot  affect  their  permanence  as  a  whole  nor  the  permanence  of  the 
ocean  beds. 

To  geophysical  objections  to  the  land-bridge  theory  there  may  be 
added  objections  based  on  geological  and  paleontological  data.  These 
bear  witness  to  the  absence  of  transitional  forms  between  the  fossil 
marine  faunas  of  the  earlier  geological  periods  and  the  sudden  appear- 
ance of  whole  groups  of  species  not  connected  with  those  of  the  for- 
mations preceding  them  in  sequence  of  time,  as  would  be  required  by  the 
theory  of  evolution.  These  facts  indicate  that  the  successive  phases 
of  development  of  the  inhabitants  of  the  sea  did  not  take  place  on  the 
surface  of  our  continents  but  must  have  taken  place  within  the  boun- 
daries of  the  oceans  as  at  present  constituted.  Hence,  the  following 
conclusions  are  drawn  by  the  advocates  of  the  theory  of  permanence 
(Soergel,  1917,  p.  15):  — 

1.  The  great  areas  now  occupied  by  oceans  must  have  been  thus 
occupied  always,  at  least  ever  since  the  Pre-Cambrian  era. 

2.  Fossil  marine  faunas  have  no  roots  on  our  present  continents; 
they  merely  represent  the  repeated  inland  migrations  of  sea  animals. 
(This  is  further  confirmed  by  the  absence  in  the  faunas  of  present-day 
inland  seas  of  elements  that  have  preserved  features  of  a  deep-sea 

origin).  .  . 

3.  The  territory  occupied  by  our  present  contments  has  constituted 
a  habitat  of  marine  fauna  always  in  contrast  to  the  territory  of  the 
present  oceans,  a  circumstance  which  is  only  understandable  if  one 
assumes  that  the  former  was  an  elevated  territory,  subject  to  alternate 
upheaval  and  depression,  i.e.,  a  territory  of  a  continental  character. 
This  means  that  the  continents  must  have  been  permanent. 

These  conclusions,  however,  leave  entirely  unexplained  the  bioge- 
ographical  data  that  indicate  the  need  of  assuming  that  the  continents 
were  at  one  time  connected.  It  is  true  that  now  even  advocates  of  the 
theory  of  permanence  try  to  find  a  way  out  of  the  contradictions 
created.  They  state  that,  though  we  cannot  concede  the  existence  of 
large  trans-oceanic  land-bridges,  we  may  concede  the  existence  of  some 
sort  of  connection  between  the  continents,  e.g.,  narrow  land-bridges 
between  North  America  and  Europe,  Australia  and  South  America, 
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Australia  and  Asia,  Madagascar  and  Africa,  the  Antarctic  continent 
and  South  America  (Soergel,  191 7).  But  this  concession  to  bio- 
geography  is  not  founded  on  any  new  facts.  Moreover,  conceding  the 
existence  of  such  narrow  land-bridges  does  not,  by  any  means,  solve  all 
the  unexplained  problems  in  the  distribution  of  organisms;  it  is  neces- 
sary, in  order  to  explain  the  latter,  to  presume  still  other  connections 
not  compatible  with  the  theory  of  permanence.  From  this  vicious 
circle  these  early  theories  provide  no  exit.  An  exit  is  found,  in  our 
opinion,  only  in  Wegener's  theory  of  continental  drift,  which  we  shall 
later  discuss  in  detail. 

4.  Pendulum  TJieory.—An  attempt  to  reconcile  the  contradictions 
involved  in  the  two  theories  above  outlined  was  made  by  the  advocates 
of  the  so-called  "pendulum  theory",  that  aimed  also  to  explain,  on  the 
basis  of  climatic  changes  in  former  geological  periods,  those  cases  of 
plant  distribution  that  are  not  at  all  in  accord  with  present-day  cli- 
matic zones. 

Changes  in  the  position  of  the  climatic  zones  on  the  globe— attested 
to  by  data  on  the  distribution  of  fossil  plants,  showing,  for  instance, 
that  at  one  time  there  was  a  rich  flora  within  the  area  of  the  present 
Arctic  region — must  presumably  have  been  caused  not  by  a  different 
location  of  the  sun  in  relation  to  the  earth  but  by  a  different  location 
of  the  continents  in  relation  to  the  sun.  The  pendulum  theory  ex- 
plains these  phenomena  by  assuming  that  periodic  changes  have  oc- 
curred in  the  position  of  the  poles  caused  by  their  oscillating  back  and 
forth  like  a  pendulum.  This  theory  was  first  advanced  by  the  geologist 
Reibisch  and  later  elaborated  on  the  basis  of  biogeographical  data  by 
SiMROTH  (1914).  These  investigators  start  from  the  assumption  that 
the  earth,  besides  an  axis  of  rotation  and  poles  of  rotation  located  at 
the  north  and  south  ends  of  this  axis,  has  an  axis  on  which  it  oscillates 
like  a  pendulum.  The  two  poles  of  this  latter  axis— known,  in  Sim- 
roth's  terminology,  as  "  Schwingpolen "— are  located  one  in  Ecuador 
and  the  other  in  Sumatra.  Not  subject  to  the  oscillatory  motion  are 
only  this  axis  and  its  two  poles,  Ecuador  and  Sumatra.  These  points 
alone  remain  fixed  and  under  constant  tropical  conditions,  while  all 
the  other  points  on  the  earth's  surface  are  subject  to  periodic  changes 
in  climatic  conditions  induced  by  the  oscillatory  motion.  Moreover, 
the  degree  of  these  climatic  changes  is  determined  by  the  distance 
from  the  equator.  The  greater  this  distance,  the  greater  the  devi- 
ations in  climate  suffered  by  any  given  point  on  the  earth's  surface. 
Conversely,  those  regions  of  the  earth  nearest  to  the  equator,  partic- 
ularly those  nearest  to  the  "Schwingpolen",  are  subject  io  the  least 
changes,  chmatic  and  physiographic,  and,  consequently,  in  these  re- 
gions ancient  plant  and  animal  forms  have  been  preserved  to  a  much 
greater  extent  than  in  those  regions  located  on  the  outer  arc  of  oscilla- 
tion. 

If  the  pendulum  theory  is  accepted,  there  is  no  need  for  the  theory 
of  land-bridges,  since  changes  in  the  level  of  the  sea  induced  by  this 
oscillation  of  the  earth  would  suffice  to  cause  the  joining  together  and 
disjoining  of  different  parts  of  the  earth's  land  surface  and,  moreover, 
in  such  a  way  as  serves  to  explain  the  distribution  of  plants  and  ani- 
mals.    Simroth's  theory  of  the  distribution  of  organisms  is  based  on 
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those  changes  in  the  surface  of  the  continents,  particularly  climatic 
changes,  induced  by  the  shifting  of  the  position  of  the  continents  as  a 
result  of  this  oscillatory  motion. 

Every  animal  and  plant,  in  the  process  of  multipHcation,  naturally 
tends  to  spread  within  the  limits  of  the  same  cHmatic  zone  within 
which  it  arose.  Consequently,  in  the  absence  of  obstacles  to  such  dis- 
tribution, their  areas  should  encircle  the  globe  in  a  band  covering  the 
territory  occupied  by  the  given  climatic  zone.  This  regularity  in  the 
distribution  of  organisms  is  upset  by  the  oscillation  of  the  earth. 
Thus,  a  plant  or  animal  finding  itself  in  the  region  of  the  outer  arc  of 
oscillation  will  be  mechanically  evicted  from  the  climatic  conditions  to 
which  it  has  been  accustomed  and  will  be  forced  to  migrate  to  the 
west  or  east  in  order  to  return  to  its  normal  habitat  conditions.  This 
serves  as  an  explanation  of  those  discontinuous  areas  consisting  of  two 
halves  symmetrically  located  on  opposite  sides  of  the  arc  of  oscillation 
(" symmetrische  Punkte"  in  Simroth's  terminology).  Moreover,  if  a 
species,  as  a  result  of  such  a  change  in  habitat,  does  not  undergo,  in 
the  process  of  adaptation  to  the  new  habitat  conditions,  vital  changes 
in  its  morphological  structure  but  acquires  only  a  few,  slight  modifi- 
cations, we  shall  find  at  these  two  points  vicarious  species.  As  an 
example  of  such  "symmetrical  points",  we  may  take  Japan  and  Cali- 
fornia. In  case  of  the  distribution  of  organisms  farther  inland  in 
western  North  America  and  eastern  Asia  within  the  limits  of  the  same 
latitudinal  zone,  we  may  speak  of  the  horizontal  symmetry  of  the  dis- 
tribution. This  type  of  symmetry  occurs  chiefly  during  the  polar 
phase  of  the  oscillation.  During  its  equatorial  phase,  on  the  other 
hand,  the  habitats  shift  to  a  very  hot  climatic  zone,  compelling  marine 
animals,  in  order  to  attain  more  temperate  climatic  conditions,  to  go 
farther  down  into  the  sea  and  to  adapt  themselves  to  deep-water  con- 
ditions, while  terrestrial  animals  must  ascend  the  mountains  or  migrate 
to  the  north  or  south,  i.e.,  in  a  meridional  direction.  As  a  result,  we 
have  distribution  characterized  by  meridional  symmetry,  which  is  of 
most  frequent  occurrence  in  the  outer  arc  of  oscillation. 

SiMROTH  based  his  theory  chiefly  on  carefully  elaborated  data  on 
the  geographical  distribution  of  animals,  but  he  also  gave  a  number  of 
examples  of  plant  distribution  that  hkewise  agreed  with  his  theory. 
Such  agreement  is  expressed,  first  of  all,  in  the  actual  existence  of 
symmetry  in  the  present-day  distribution  of  certain  species  and  in  the 
fact  that  there  are  data  establishing  the  existence  in  former  times  of 
habitats  of  these  same  species  on  corresponding  parallels  in  the  outer 
arc  of  oscillation.  We  shall  here  cite  the  most  characteristic  examples 
of  those  presented  by  Simroth  and  other  investigators. 

Let  us  first  take  a  few  instances  from  gymnosperm  distribution. 
Out  of  fifteen  species  of  the  genus  Gnetum  seven  grow  in  equatorial 
America,  i.e.,  in  the  region  of  the  western  "Schwingpole",  one  in 
Africa,  and  one  on  islands  of  the  Pacific,  while  the  six  remaining  species 
are  grouped  around  the  eastern  "Schwingpole"  in  the  eastern  part  of 
the  Indian  Ocean.  Consequently,  there  is  no  doubt  that  we  have  here 
horizontal  symmetry. 

In  the  genus  Pinus  of  most  interest  is  the  section  Taeda,  which 
comprises  sixteen  species.    One  group  of  these  species  grows  in  America 
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(in  Florida  and  North  and  South  Carolina,  in  the  Rocky  Mountains,  in 
California,  and  in  Mexico);  the  other  group  is  found  at  a  symmetri- 
cally opposite  point  in  eastern  Asia  (the  Himalayas,  Tibet,  and  the 
Philippines).  The  area  of  one  species,  P.  canariensis,  growing  in  the 
mountains  of  the  Canary  Islands,  seems  to  be  an  outlying  spur  of 
the  former,  more  extensive  range  of  this  latter  group. 

Of  two  relic  species  of  pine  found  on  the  Balkan  peninsula,  Pinus 
Pence  and  P.  omorica,  the  former  is  related  to  the  eastern  white  pine, 
P.  Strobus,  of  North  America,  and  the  latter  to  species  of  Manchuria 
and  Japan.  We  have  here,  therefore,  a  clear  case  of  the  breaking  up 
of  a  once-continuous  area  into  two  widely  separated  sections,  one  in  the 
east  and  one  in  the  west. 

Analogous  facts  are  likewise  found  in  the  distribution  of  angio- 
sperms.  For  instance,  the  genus  Magnolia  has  about  60  species,  dis- 
tributed in  eastern  Asia  and  in  the  Atlantic  states  of  North  America. 
Liriodendron  Tulipifera,  another  member  of  the  magnolia  family,  also 
grows  both  in  China  and  in  the  Atlantic  states  of  North  America.  The 
genus  Talauma,  also  of  the  Magnoliaceae,  has  32  species  in  India,  Java, 
and  the  Philippines  and  8  species  in  the  New  World  (the  West  Indies, 
Mexico,  Central  America,  and  the  northern  part  of  South  America). 
In  a  fossil  state  the  Magnoliaceae  are  found  in  the  outer  arc  of  oscilla- 
tion in  deposits  in  Europe  (beginning  with  the  Cretaceous  and  ending 
with  the  Pliocene  stage)  and  as  far  north  as  Greenland  and  Spitsbergen. 

At  first  some  biologists  regarded  the  pendulum  theory  favorably, 
since  they  hoped  to  find  in  it  a  solution  to  those  inexpHcable  features 
of  the  distribution  of  organisms  about  which  we  have  already  spoken. 
However,  there  are  very  serious  objections  to  this  theory  which  make 
it  impossible  to  adopt  it  even  as  a  working  hypothesis.  The  chief 
objections  are,  first,  that  no  cause  can  be  found  for  such  an  oscillation, 
and,  second,  that  geological  data  are  not  in  accord  with  this  theory. 
But  even  biologists  advanced  a  number  of  serious  objections,  of  which 
we  shall  note  the  most  important.  The  assumption  made  by  Simroth 
that  Europe,  as  the  region  that  has  been  most  subjected  to  climatic 
changes,  has  constituted  the  chief  center  of  origin  of  new  forms  is 
merely  a  h3^othesis  without  any  foundation.  It  is  more  logical  to 
assume  the  exact  contrary,  since  such  great  climatic  changes  as  oc- 
curred in  Europe  during  the  Ice  Age  resulted  in  the  creation  of  nothing 
essentially  new.  Europe,  as  compared  with  the  other  continents,  is  a 
comparatively  small  territory,  and  during  the  Tertiary  period  it  was 
even  smaller  than  now,  so  that  it  is  difficult  to  believe  that  it  con- 
stituted the  place  of  origin  of  most  of  the  flora  and  fauna  of  the 
world.  Moreover,  the  existence  of  such  centers  of  species-formation  in 
other  continents,  e.g.,  Asia,  is  beyond  any  doubt.  Two  other  important 
objections  are  that  many  of  the  facts  in  the  distribution  of  organisms 
cited  by  Simroth  as  caused  by  such  oscillation  of  the  earth  may  be 
explained,  without  assuming  such  oscillation,  on  the  basis  of  ecological 
and  edaphic  data,  and,  lastly,  that  not  all  cases  of  discontinuous  areas 
can  be  explained  by  the  horizontal  or  meridional  migration  of  species. 

Nevertheless,  the  fact  of  symmetry  in  the  discontinuous  areas  of 
many  species  and  the  fact  that  the  break  in  these  areas  occurs  pre- 
cisely in  the  Euro-African  sector  were  quite  correctly  established  by 
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Simroth;    this  symmetry,  however,  may  be  ascribed  to  other  causes, 
as  we  shall  show  below. 

5.  Theory  of  the  Polar  Origin  of  Floras. — Another  attempt  to  avoid 
the  need  of  trans-oceanic  land-bridges  to  explain  the  present  distribu- 
tion of  floras  is  found  in  the  theory  of  the  origin  of  the  latter  from  a 
single  center  lying  in  the  north  polar  region,  whence  they  spread  radi- 
ally toward  the  south  in  three  directions — through  Europe  into  Africa, 
through  Asia  and  Malaysia  into  Austraha,  which  were  at  that  time 
connected,  and  through  North  America  into  South  America.  As  a 
basis  for  this  theory  there  served  the  investigations  of  Heer  (1868)  of 
the  fossil  flora  of  the  Arctic. 

Heer,  in  a  number  of  papers,  later  collected  in  his  "Flora  Arctica", 
pointed  out  that  in  former  geological  epochs  there  grew  in  the  Arctic 
woody  plants  now  found  only  in  temperate  or  subtropical  regions.  His 
data  showed  that  climatic  conditions  in  the  Arctic  during  the  Tertiary 
period  were  entirely  different  from  now  and  supposedly  confirmed  the 
view  that  the  polar  region  was  the  initial  center  of  origin  of  floras. 

This  point  of  view  was  first  advanced  by  Forbes  and  was  later 
developed  by  Darwin,  Berry,  and  others.  It  is  based  on  data  indi- 
cating that  beginning  with  the  Tertiary  period  the  floras  and  faunas 
succeed  one  another  in  such  a  way  that  each  successive  one  forces  its 
predecessor  to  the  south.  This  shifting  of  floras  and  faunas  pre- 
sumably began  from  the  moment  of  the  differentiation  into  climatic 
zones,  which,  according  to  the  views  then  held,  did  not  take  place  until 
the  end  of  the  Cretaceous  or  the  beginning  of  the  Tertiary  period,  prior 
to  which  the  climatic  conditions  of  the  earth  were  allegedly  uniform. 
Consequently,  the  lowering  of  temperature  conditions,  which  reached 
its  apogee  during  the  Ice  Age,  must  have  had  its  effect  on  the  vege- 
tation of  the  entire  globe  and  must  have  induced  a  migration  of  floras 
from  north  to  south.  On  the  basis  of  the  foregoing,  the  proponents 
of  this  theory  held  that  the  flora  that  had  inhabited  the  body  of  land 
encircling  the  North  Pole,  which  body  of  land  prior  to  the  Ice  Age 
was  presumably  even  larger  and  more  compact  than  now,  constituted 
the  initial  flora  from  which  arose  all  the  vegetation  at  present  inhabit- 
ing the  earth,  and  that  the  steady  decrease  in  temperature  in  the  polar 
regions  forced  the  vegetation  ever  farther  and  farther  south  (Fiirsten- 
BERG,  1909). 

In  order  to  explain  the  similarities  in  the  floras  of  South  America, 
Australia,  and  South  Africa,  and  the  afi&rmations  of  Hooker  as  to  the 
circumpolar  nature  of  the  antarctic  flora,  it  was  presumed  that  there 
was  a  trans-equatorial  migration  of  the  flora  of  the  northern  hemi- 
sphere into  the  southern,  although  Darwin  and  Hooker  had  them- 
selves suggested  that  in  the  past  there  might  have  existed  an  antarctic 
continent  embracing  what  are  at  present  separate  islands  and  the  ex- 
tremities of  the  continents  of  the  southern  hemisphere.  Subsequently, 
the  existence  of  such  a  continent  was  generally  accepted,  the  remains 
of  fossil  flora  found  within  the  Hmits  of  present-day  Antarctica  having 
confirmed  not  only  that  the  lands  of  the  southern  hemisphere  had 
formerly  been  connected  with  one  another  by  way  of  this  Antarctic 
continent  but  also  that  there  had  occurred  a  change  of  climatic  con- 
ditions in  the  Antarctic  just  as  in  the  Arctic,  in  the  sense  of  a  decrease 
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in  temperature.  Hence,  there  was  created  a  basis  for  the  presumption 
that  there  probably  had  been  at  one  time  a  center  of  species-formation 
in  the  region  around  the  South  Pole,  similar  to  that  assumed  for  the 
North  Polar  region,  and  a  migration  of  floras,  under  the  influence  of 
cHmatic  changes,  from  south  to  north.  Thus,  the  mono-boreal  theory 
of  the  origin  of  life  was  replaced  by  the  theory  that  this  role  was 
played  by  the  lands  encircling  both  poles. 

The  theory  of  the  polar  origin  of  floras,  in  the  light  of  our  present 
knowledge,  cannot  be  accepted.  It  has  now  been  established  that 
climatic  zones  have  existed  during  the  entire  history  of  the  earth  and 
that  ice  ages  occurred  not  only  in  the  Quaternary  period  but  also  dur- 
ing other  geological  periods,  the  glaciated  regions,  moreover,  not  being 
located  in  the  present  polar  areas  but  in  other  parts  of  the  globe. 

The  assumption  that  there  were  only  these  polar  centers  of  develop- 
ment of  floras  is  likewise  contraverted  by  the  fact  that  the  existence  of 
other  centers  of  species-formation  has  been  definitely  established.  The 
view  advanced  by  Hallier  (1912),  Golenkin  (1925),  Irmscher  (1922, 
1929),  and  others  that  the  tropics  served  as  a  center  of  origin  of  the 
angiosperms,  whence  they  at  various  times  penetrated  into  temperate 
regions,  has  much  data  to  support  it,  provided  it  is  accepted  that  there 
took  place  shif tings  of  the  tropical  zone. 

An  approach  to  the  solution  of  all  these  enigmatic  moments  in  the 
history  of  the  earth,  making  it  seemingly  impossible  to  explain  the  past 
distribution  of  its  floras,  has  been  provided  by  the  theory  of  conti- 
nental drift. 

6.  Theory  of  Continental  Drift. — From  the  foregoing  we  have  seen 
that  the  two  chief  theories  as  to  the  past  history  of  the  earth's  surface 
— the  theory  of  the  permanence  of  the  oceans  and  continents  and  the 
theory  of  trans-oceanic  land-bridges — are  mutuaUy  contradictory.  A 
solution  of  this  riddle  may  be  found,  if  one  accepts  the  permanence  not 
of  the  separate  oceans  and  continents  as  such  but  the  permanence  of 
the  relative  area  of  land  and  sea  taken  as  a  whole.  Then,  by  assum- 
ing, as  Wegener  (1929)  does  in  his  theory  of  continental  drift,  the 
possibility  of  a  horizontal  drifting  of  the  continents,  which,  so  to  say, 
float  on  an  underlying  viscous  substratum  (the  so-called  "sima",  com- 
posed of  basic,  igneous  basalts),  we  are  enabled,  without  departing 
from  the  principle  of  the  permanence  of  oceans  and  continents,  to  ex- 
plain the  existence  of  connections  between  the  continents,  not  on  the 
assumption  that  there  formerly  existed  additional  continents  where 
there  is  now  sea,  but  on  the  assumption  that  our  present  continents 
were  formerly  in  direct  contact  with  one  another. 

According  to  this  hypothesis,  it  is  assumed  that  as  late  as  the  end 
of  the  Paleozoic  era  the  continents  were  all  united  in  one  great  conti- 
nent, Pangaea,  which  only  in  the  Mesozoic  era  begins  to  rift  apart,  two 
meridian  lines  of  rupture  being  formed.  These  lines  of  rupture  between 
Euro-Africa  and  America,  on  the  one  hand,  and  between  Africa  and 
India,  on  the  other,  lead  to  the  creation  of  the  Atlantic  and  Indian 
oceans.  The  separation  of  South  America  from  Africa  becomes  wider 
and  wider  during  the  Cretaceous  period,  but  even  at  the  beginning  of 
the  Tertiary  period  there  still  persists  a  slight  connection  between  the 
northeastern  coast  of  South  America  and  the  west-central  coast  of 
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Africa,  the  complete  separation  of  these  two  continents  taking  place 
only  after  the  Eocene  stage.  At  the  same  time,  the  sea  separating 
America  from  Africa  becomes  wider  and  wider,  due  to  the  drifting  of 
America  westward. 

The  connection  between  Africa  and  India  through  Madagascar 
Hkewise  persisted  as  late  as  the  beginning  of  the  Tertiary  period,  being 
broken  only  in  the  Eocene  stage  due  to  the  drifting  of  India  north- 
ward. This  movement  of  India  northward  is  confirmed,  according  to 
Sahni  (1936),  by  paleobotanical  data.  The  Permo-Carboniferous  flora 
of  southern  Asia  belongs  to  the  type  of  Gigantopteris,  i.e.,  it  is  a  tropical 
flora,  while  the  flora  of  India  of  the  same  period  is  of  the  Glossopteris 
type,  undoubtedly  adapted  to  a  temperate  climate.  With  India  and 
Asia  located  as  at  present  the  contiguity  of  these  two  widely  different 
floras  would  be  entirely  inexplicable.  It  must  be  presumed  that  India 
at  that  time  lay  considerably  farther  south  and  was  separated  from 
Asia  by  the  Tethys  Sea.  Only  later  did  India  drift  northward,  resulting 
in  the  seeming  juncture  of  these  two  floras. 

At  an  earlier  period,  i.e.,  in  the  Jurassic,  Australia  broke  away  from 
India  and  Ceylon  and  Antarctica  from  Africa.  The  latter,  still  retain- 
ing connection  with  South  America,  drifted  in  a  southeast  direction. 
Sometime  during  the  Tertiary  period  Australia  separated  from  Ant- 
arctica, which,  however,  preserved  until  the  Quaternary  period  its 
connection  with  South  America.  Not  until  the  Quaternary  period,  due 
to  the  westward  drift  of  the  Americas,  did  Antarctica  break  away  from 
South  America  and  drift  farther  and  farther  in  the  direction  of  the 
South  Pole.  At  about  the  same  time,  during  the  Ice  Age,  Greenland 
broke  away  both  from  North  America  and  Europe,  thus  causing  the 
isolation  of  these  two  continents  from  each  other. 

From  the  foregoing  we  may  conclude  that  the  contact  between 
Europe  and  North  America  persisted  until  the  Quaternary  period, 
between  Africa  and  South  America  until  the  Eocene  stage,  between 
Africa  and  India  also  until  the  Eocene  stage,  between  Australia  and 
India  until  the  Jurassic  period,  between  Australia  and  Antarctica  and 
South  America  until  the  middle  of  the  Tertiary  period,  and,  lastly, 
between  Antarctica  and  South  America  until  the   Quaternary  period. 

Du  ToiT  (1937)  gave  in  his  recent  book  on  "Our  Wandering  Con- 
tinents" very  important  geological  proofs  of  Wegener's  theory,  at  the 
same  time  introducing  some  modifications.  According  to  his  view- 
point, the  continents  were  originally  represented  by  two  great  land 
bodies.  The  southern,  Gondwanaland,  embraced  Brazil,  Guiana, 
Uruguay,  Africa,  Arabia,  Madagascar,  India,  western  and  central 
Australia,  and  Antarctica;  the  northern,  Laurasia,  included  central 
and  eastern  Canada,  Greenland,  Scandinavia,  Finland,  Siberia,  and 
northern  China.  These  two  great  continental  masses  were  separated 
by  the  Tethys  Sea.  Regressions  of  the  latter  led  for  a  short  time  to  a 
connection  between  Gondwana  and  Laurasia  (between  Africa  and 
Europe;    between  Indo-China  and  Australia). 

The  breaking  up  of  Gondwanaland,  according  to  du  Toit,  took 
place  not  earlier  than  the  Cretaceous  or,  perhaps,  the  Tertiary  period. 
India  began  its  movement  to  the  northeast,  over  a  distance  of  1,500 
km.,  at  the   beginning  of  the   Cretaceous  period.     During  the   Cre- 
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Fig.  2  2.  —  Reconstructions  of  the  map  of  the  globe  according  to  data  of  the  drift 
theory.  Hatching  =  deep  seas;  stippling  =  shallow  seas.  Present-day  rivers,  contours  of 
continents,  etc.  shown  merely  for  purposes  of  orientation.    (After  Wegener). 
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Fig.  23.  —  The  same  reconstructions  as  in  Fig.  22,  but  projected  in  a  different  way. 
(After  Wegener). 
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taceous  period  New  Guinea  and  New  Zealand  constituted  the  periphery 
of  Australia.  Not  until  the  Tertiary  period  did  they  break  away  from 
Australia  and  drift  off  into  the  Pacific  Ocean.  The  isolation  of  Aus- 
tralia, thus,  presumably  took  place  during  the  Tertiary  period.  At  the 
beginning  of  the  Cretaceous  period  it  was  still  connected,  by  way  of 
Madagascar  and  India,  with  southern  Asia.  The  Andes  of  Antarctica 
constitute  a  continuation  of  the  Andes  of  South  America.  The  drift- 
ings  of  the  continents  induced  changes  in  their  position  relative  to  the 
poles;  this,  in  turn,  led  to  changes  in  climatic  zonation  and,  conse- 
quently, to  changes  in  the  distribution  of  living  organisms. 


^    Fveoptarisflora 

O    Olosaopterisflcra  ohne  QtoBsopteris 


.f   L«pido<leDdrooflora 


IS)    Olotaoptahiflora 
^  .A.  Mi30UloreD 


Fig.  24.  —  Distribution  of  floras  and  location  of  the  equator  during  tlie  Carboniferous  and 
Permian  periods.    (After  Koppen  and  Wegener). 

On  the  basis  of  the  foregoing  assumptions  riddles  that  formerly 
seemed  insoluble  in  the  past  and  present  geographical  distribution  of 
organisms  are  solved.  Among  such  riddles  we  may  mention,  first,  the 
distribution  of  plants  and  even  of  entire  floras  in  zones  that,  as  regards 
their  present  climatic  conditions,  are  not  suitable  to  these  plants,  and, 
second,  uniformity  of  vegetation,  indicating  that  formerly  there  existed 
uniform  climatic  conditions  in  regions  where  at  present  there  are 
marked  differences  in  climatic  and  vegetation  zones. 

Another  such  riddle  that  long  seemed  insoluble  is  the  absence  in  the 
Carboniferous  period  of  periodicity  in  plant  growth.  In  the  case  of  our 
present-day  plants  this  periodicity  is  expressed  by  the  alternation  of 
active  periods  {i.e.,  periods  of  intensive  growth  and  development)  and 
dormant  periods  (during  that  part  of  the  year  when  climatic  conditions 
are  unfavorable).  One  of  the  characteristic  features  of  such  periodicity 
is,  for  instance,  the  possession  by  deciduous  and  coniferous  trees  and 
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shrubs  of  dormant  buds,  which  remain  closed  during  unfavorable 
periods  of  the  year  and  renew  development  with  the  onset  of  favorable 
climatic  conditions.  In  plants  of  the  Carboniferous  period,  despite  the 
existence  of  large  trees,  such  as  Lepidodendron,  Cordaites,  Catamites, 
etc.,  no  such  buds  are  found.  As  another  even  more  characteristic 
feature  of  periodicity  we  may  mention  the  annual  rings  in  the  stems  of 
woody  plants.  In  Carboniferous  plants,  distributed  over  a  considerable 
part  of  the  northern  hemisphere  and,  to  a  less  extent,  in  the  southern 
hemisphere,  no  annual  rings  are  found.  This  circumstance  and  also 
the  absence  of  dormant  buds  testify  to  continuous  and  uniform  growth, 
which  could  have  taken  place  only  under  uniform  climatic  conditions, 
characterized  by  the  absence  of  alternating  seasons.  Such  dimatic 
conditions  correspond  to  those  found  at  present  in  the  equatorial  zone 
with  its  tropical  vegetation.     But   the  plants  of  the   Carboniferous 


Fig.  25.  —  Distribution  of  swamps  and  deserts  and  location  of  tlie  equator  in  the  Jurassic 
period  (K  =  coal,  S  =  salt,  G  =  gypsum,  W  =  desert  sandstone;  stippling  =  arid  regions. 
(After  KopPEN  and  Wegener). 

period,  though  lacking  periodicity,  grew  throughout  the  entire  length 
and  breadth  of  Europe. 

In  the  flora  of  the  Carboniferous  period  it  is  possible,  according  to 
POTONI^,  to  distinguish  between  elements  of  tropical  origin,  typified 
by  the  fern  Pecopteris,  and  subtropical  elements,  typified  by  Lepidoden- 
dron, Sigillaria,  etc.  Whereas  the  former  flora  occupied  in  the  Carbonif- 
erous period  a  quite  Hmited,  comparatively  narrow  strip,  passing 
through  North  America  and  Europe  and  ending  in  eastern  Asia,  the 
subtropical  {Lepidodendron)  flora  lay  on  both  sides  of  this  strip  and 
had  a  considerably  more  extensive  distribution.  It  is  known  as  far 
north  as  Spitsbergen  and  as  far  south  as  the  southern  part  of  South 
America,  occupying  a  latitudinal  range  of  120°. 

Another  riddle,  which  seemed  no  less  difficult  to  solve,  is  the 
growing  of  trees  near  the  poles  as  at  present  located.  Moreover,  as 
seems  entirely  incomprehensible,  the  long  polar  nights  apparently  had 
no  effect  on  this  vegetation. 
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Numerous  attempts  were  made  to  solve  these  enigmatic  peculiarities 
in  the  distribution  and  biology  of  fossil  floras.  It  was  assumed  that 
plants  of  former  periods  possessed  considerably  greater  ability,  as  com- 
pared with  present-day  plants,  to  adapt  themselves  to  different  climates 
and  were  considerably  less  sensitive  to  heat  and  cold.  Or  again,  in 
order  to  explain  the  uniformity  of  climate  over  a  considerable  extent 
of  the  earth's  surface,  it  was  presumed  that  this  uniformity  of  climate 
was  due  to  the  intense  heat  in  the  center  of  the  earth  and  the  insignifi- 
cant amount  of  losses  of  this  heat  from  irradiation  owing  to  the  fact 
that  the  earth  was  enveloped  in  a  thick  blanket  of  clouds.  Lastly,  it 
was  considered  possible  to  assume  that  the  absence  of  annual  rings 
was  a  peculiarity  of  plants  of  those  times  and  that,  consequently,  this 
could  not  serve  as  a  basis  for  conclusions  regarding  climatic  condi- 
tions. 


Fig.  26.  —  Same  as  in  Fig.  25,  but  in  the   Cretaceous  period,     (.\fter  Koppen  and 
Wegener). 

These  suppositions  are  refuted  by  the  finding  of  traces  of  glaciers  in 
the  most  ancient  deposits  of  the  earth  and  also  by  the  fact  that  even 
in  the  Carboniferous  period  the  climate  was  not  every^vhere  uniform, 
since  Carboniferous  remains  of  trees  having  annual  rings  are  known 
from  the  Falkland  Islands  and  from  Australia.  In  the  floras  of  the 
succeeding  geological  stages  periodicity  in  plant  growth  becomes  of 
ever  more  widespread  occurrence.  All  this  indicates  that  climatic  zones 
existed  in  past  geological  periods  but  that  the  location  of  these  zones 
was  undoubtedly  entirely  different  from  now. 

It  is  likewise  impossible  to  assume  that  there  were  any  radical 
differences  in  the  physiology  and  biology  of  plants  of  former  geological 
periods.  Paleobotanical  data  show  that  they  were  approximately  the 
same  as  they  are  today.  According  to  these  data,  fossil  plants  must 
have  grown  in  climatic  zones  corresponding  to  the  physiological  peculi- 
arities of  these  plants,  whose  requirements  as  regards  light  and  heat 
must  have  been  the  same  as  those  of  their  present-day  descendants. 
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All  the  foregoing  forces  us  to  assume  that  the  continents  in  past 
ages  must  have  been  differently  situated  with  respect  to  the  poles.  A 
way  out  of  all  these  diificulties  in  the  geography  of  plants  of  former 
geological  periods  is  provided,  as  we  stated  above,  by  Wegener's 
theory  of  continental  drift,  in  the  light  of  which  the  climates  of  former 
geological  periods  receive  an  entirely  different  explanation.  A  detailed 
exposition  of  this  viewpoint  is  given  by  Koppen  and  Wegener  (1924) 
in  a  special  work  devoted  to  this  problem.  According  to  these  in- 
vestigators, in  the  Carboniferous  period  the  equator  passed  through 
North  America  (from  the  southwest  to  the  northeast),  central  Europe, 
the  Caspian  Sea,  Asia,  and  the  Sunda  Isles.  Central  Europe  was, 
therefore,  included  in  the  zone  of  equatorial  rains,  and  it  was,  over 
much  of  its  extent,  submerged  beneath  the  sea.  Consequently,  the 
Carboniferous  deposits  of  central  Europe  must  be  of  tropical  origin; 
this  is  confirmed  by  the  finding  in  such  deposits  of  plants  of  the  type 
of  Pecopleris.  Thus,  the  riddle  of  the  finding  in  the  Carboniferous  de- 
posits of  central  Europe  of  tropical  flora  lacking  periodicity  of  growth 
is  solved,  and  the  assumption  that  the  continents  were  formerly  united 
explains  the  uniformity  of  climatic  conditions  over  a  considerable  part 
of  their  territory.  The  theory  of  continental  drift  makes  possible  a  new 
way  of  explaining  problems  involved  in  the  paleogeography  of  plants, 
just  as  it  aids  in  clearing  up  many  formerly  inexplicable  facts  in  zoo- 
geography. 

The  location  of  climatic  zones  in  past  geological  periods  was,  ac- 
cording to  Wegener's  theory,  not  at  all  the  same  as  now;  only 
gradually,  beginning  with  the  second  half  of  the  Tertiary  period,  did 
these  zones  begin  to  assume  their  present  location.  The  shiftings  of  the 
climatic  zones  were  accompanied  by  shiftings  of  floras,  particularly  on 
both  sides  of  the  Atlantic,  in  North  America  and  Euro-Africa.  Asia, 
on  the  other  hand,  suffered  climatic  changes  to  a  considerably  less 
degree,  due  to  the  fact  that  here  the  shiftings  of  the  zones  took  place 
not  symmetrically  and  in  a  circumpolar  direction  but  asymmetrically. 
There  are  numerous  facts  both  of  a  paleontological  and  of  a  floristic 
and  faunistic  character,  long  since  noted  by  many  investigators,  that 
attest  the  relative  constancy  of  the  floras  and  faunas  in  the  eastern  part 
of  the  tropics  of  the  Old  Worid  and,  in  particular,  in  the  region  of  the 
Sunda  Isles  and  eastern  Asia.  Thus,  numerous  Tertiary  coal  deposits 
have  been  found  on  the  East-Asiatic  coast  and  also  on  adjacent  islands, 
e.g.,  in  the  Soviet  Far  East  (northern  Sakhalin,  Amur  and  Ussurian 
Regions),  Manchuria,  southern  China,  the  Philippines,  Java,  Sumatra, 
and  Borneo.  According  to  data  of  Dutch  geologists,  there  have  been 
found  on  the  Sunda  Isles  coal  deposits  from  all  stages  of  the  Tertiary- 
period.  These  facts,  as  well  as  the  finding  of  species  of  palms  in  a  fossil 
state,  led  Koppen  and  Wegener  to  the  conclusion  that  throughout 
this  region  there  has  been  a  humid,  tropical  climate  at  least  since  the 
beginning  of  the  Tertiary  period. 

Irmscher  (1922,  1929),  on  the  basis  of  Ettingshausen's  data,  draws 
attention  to  the  presence  in  the  composition  of  the  flora  of  this  region 
not  only  of  families  but  also  of  genera  likewise  found  there  in  a  fossil 
state.  This  has  been  confirmed  by  data  of  other  paleobotanists,  such 
as  KuBART  (1929)  and  Krausel  (1929).    Merrill  (1923),  on  the  basis 
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of  studies  of  the  flora  of  Malaysia,  and  Kryshtofovich  (1933),  on  the 
basis  of  investigations  of  the  flora  of  the  Philippines,  likewise  arrived 
at  the  same  conclusions.  Even  for  regions  as  far  north  as  northern 
Japan  and  Sakhalin  we  must  conclude,  on  the  basis  both  of  paleo- 
botanic  data  and  of  data  of  investigations  of  the  present-day  flora,  that 
the  composition  of  the  vegetation  has  remained  practically  unchanged 
since  Tertiary  times,  although  here  climatic  variations  were  consider- 
ably more  marked  than  farther  south. 

Turning  now  to  the  tropics  of  the  New  World,  we  do  not  find  such 
constancy  as  regards  climatic  conditions;  nevertheless,  there  were  no 
such  great  climatic  changes  as  took  place  in  the  more  northern  lati- 
tudes of  North  America  and  Europe. 

The  circumstances  that  we  have  just  mentioned  throw  considerable 
light  on  the  numerical  composition  of  floras.  Those  regions  of  the 
earth  that  have  been  least  subjected  to  climatic  changes— southeastern 


Fig.  27.  —  Same  as  in  Fig.  25,  but  in  the  Eocene.    (After  Koppen  and  Wegener). 

subtropical  and  tropical  Asia  and  tropical  South  America — are  charac- 
terized by  the  richest  and  most  constant  floras,  that  have  developed 
with  comparatively  little  alteration  since  Tertiary  times.  The  floras 
of  these  regions  comprise  from  20,000  to  45,000  species  (Wulff,  1934). 
The  tropical  flora  of  Africa,  on  the  other  hand,  which  has  not  enjoyed 
such  an  even  tenure  of  existence,  is  poorer,  consisting  of  about  10,000- 
15,000  species.  We  find  a  relative  wealth  of  species  in  the  Mediterra- 
nean floras  and  also  in  those  of  the  southeastern  and  southwestern 
sections  of  the  United  States  of  America,  which — though  hav- 
ing undergone  considerable  impoverishment,  expressed  in  the  loss 
chiefly  of  hydrophytic  species — have  stiU  preserved  a  number  of  an- 
cient. Tertiary  elements.  This  is  particularly  marked  in  the  above- 
mentioned  sections  of  the  United  States  and  also  in  the  southwestern 
part  of  the  Iberian  peninsula,  the  Istranja  Dagh  region  in  the  Balkans, 
the  northern  coast  region  of  Asia  Minor,  and  western  Transcaucasia, 
where,  thanks  to  specific  orographic  conditions,  these  ancient  elements 
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found  themselves  under  particularly  favorable  circumstances  as  regards 
protection  from  the  decrease  in  temperature  and  humidity  during  the 
Quaternary  period. 

In  all  the  rest  of  Europe  and  North  America  and  also  in  northern 
Asia  we  find  a  great  impoverishment  of  the  floras,  increasing  from 
south  to  north,  clearly  testifying  to  the  catastrophic  changes  which 
their  floras  have  undergone  since  the  Tertiary  period. 

From  the  foregoing  it  is  quite  clear  that  the  origin  of  most  genera 
of  angiosperms,  including  tropical  genera,  was  in  all  probability  linked 
with  those  considerable  territories  embraced  by  the  tropical  and  sub- 
tropical zones.  Thus,  in  Europe  the  location  of  these  zones  in  Cre- 
taceous and  Tertiary  times  made  possible  the  origin  and  development 
of  angiosperms  throughout  this  entire  continent,  from  its  southernmost 
boundaries  to  our  present  arctic  regions.  Then  the  subsequent  shifting 
of  climatic  zones,  accompanied  by  changes  in  the  habitat  conditions  of 


Fig.  28.  —  Same  as  in  Fic.  25,  but  in  the  Miocene.    (After  Koppen  and  Wegener). 

the  vegetation,  resulted  in  their  dying  out  over  considerable  territories 
and  in  a  shifting  of  the  habitat  regions.  Consequently,  our  present-day 
tropics  and  subtropics  and  those  regions  characterized  by  a  Mediter- 
ranean tj^e  of  flora  constitute  territories  where  there  has  been  pre- 
served Tertiary  vegetation,  which  formerly  had  a  different  and  a 
considerably  more  extensive  distribution.  Hence  there  is  no  need  to 
assume  that  the  angiosperms  originated  in  the  polar  regions,  as  do  the 
advocates  of  the  polar  origin  of  floras,  or  that  their  origin  was  strictly 
confined  to  the  region  of  our  present-day  tropics. 

Phytogeographical  Confirmation  of  the  Theory  of  Continental  Drift: 

— In  the  numerous  phytogeographical  papers  published  during  the  past 
two  decades  there  are  many  data  confirming  the  basic  principles  of  the 
theory  of  continental  drift.  We  can  here  present  only  a  few  of  the 
most  important  of  these  data.  The  most  comprehensive  investigations, 
founded  on  an  abundance  of  experimental  data,  aiming  to  test  the 
theory  of  continental  drift  on  the  basis  of  the  geographical  distribution 
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of  plants,  are  those  of  Irmscher  (1922,  1929).  This  investigator 
carried  on  very  painstaking  studies  on  the  distribution  of  mosses  and 
angiosperms,  but  before  we  take  these  up,  we  wish  to  set  forth  those 
regularities  in  the  structure  of  areas  which  were  established  by 
Irmscher  during  the  course  of  his  investigations. 

On  the  basis  of  the  present  and  fossil  distribution  of  the  indicated 
group  of  plants  Irmscher  concluded  that  during  past  geological  periods  all 
the  territory  embraced  by  the  torrid  zone  of  those  times  was  inhabited 
by  a  more  or  less  homogeneous  tropical  vegetation.  The  north  temperate 
and  south  temperate  zones  were  likewise  each  occupied  by  a  homogeneous 
vegetation,  this  greater  homogeneity  being  due  to  the  fact  that  the  con- 
tinents were  differently  located  than  now.  Scattered  fragments  of  this 
flora  are  still  to  be  found  on  the  continents  of  the  southern  hemisphere. 
The  climatic  changes  that  occurred  must  have  affected  similarly  the 
areas  of  distribution  of  all  groups  of  the  plant  kingdom.     This  uni- 


FiG.  29.  —  Same  as  in  Fig.  25,  but  in  the  Pliocene.    (After  Koppen  and  Wegener). 

formity  of  cause  inducing  uniform  changes  in  the  distribution  of  plants 
suffices  to  explain  the  regularities  in  the  structure  of  areas  first  clearly 
established  by  Irmscher,  though  Simroth  had  noted  them  earlier  in 
part. 

The  first  of  these  regularities  in  the  structure  of  areas  is  expressed 
in  a  certain  symmetry,  whereby  along  the  meridians  passing  through 
Europe  and  Africa  the  given  genera  or  species  are  entirely  absent  or 
are  represented  to  only  a  very  insignificant  extent,  as  they  often  are 
likewise  in  Australia.  Such  breaks  in  an  area  may  be  explained  only 
by  cataclysmic  or  secular  processes  in  former  geological  epochs  that 
have  destroyed  its  former  continuity. 

The  second  regularity  is  found  in  the  zonation  which  characterizes 
the  structure  of  discontinuous  areas.  Such  zonation  finds  expression 
in  the  fact  that  the  parts  of  a  discontinuous  area  are  located  in  a 
horizontal,  not  meridional  line,  so  that  we  find  them  either  in  one  of  the 
temperate  zones,  or  in  the  tropical  zone,  or  in  both  temperate  zones 
(bipolar  areas). 
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The  third  regularity  is  found  in  the  fact  that  the  areas  of  many 
genera  are  linked  with  definite  continents,  areas  embracing  both  America 
and  Euro-Africa  being  rare,  while  there  is  a  considerable  number  of 
areas  embracing  Euro-Africa,  Asia,  and  Australasia.  This  linkage 
accords  with  the  present  location  of  the  continents  but,  nevertheless, 
attests  their  different  location  in  the  past— a  circumstance  of  great 
importance  for  further  conclusions. 

In  order  to  understand  the  present  area  of  any  given  angiosperm, 
it  is  essential  to  compare  it  with  the  same  area  supplemented  by  the 
territories  where  fossil  remains  of  the  genus  or  species  or  of  closely 
related  genera  or  species  have  been  found.  Such  fossil  remains  occur 
chiefly  in  the  northern  hemisphere,  particularly  in  North  America  and 
Europe,  including  their  arctic  regions.  Most  fossil  forms  have  a  dis- 
tribution restricted  to  North  America  and  Europe,  temperate  and  sub- 
tropical species  extending  into  the  North  Polar  region.  Tropical  forms, 
on  the  other  hand,  are  found  chiefly  in  central  and  southern  United 
States,  in  Europe,  and  in  northern  Africa.  From  the  data  derived 
from  such  comparisons  of  past  and  present  areas  we  may  draw  the 
following  very  important  conclusions: 

1.  Many  genera  with  discontinuous  areas,  now  having  repre- 
sentatives only  in  America  and  Asia,  in  past  geological  periods  had 
them  also  in  Europe,  so  that  the  now  separated  portions  of  such  areas 
were  formerly  connected. 

2.  Many  forms  were  in  past  ages  found  farther  north  than  they  are 

at  present. 

The  latter  circumstance,  i.e.,  that  the  habitats  of  fossil  forms  of 
many  species  and  genera  are  found  in  zones  which  at  the  present  time 
are  unsuitable,  as  regards  temperature  conditions,  for  their  growth, 
combined  with  the  established  zonation  of  their  distribution,  makes  it 
necessary  to  assume  similar  climatic  conditions  for  the  habitats  of  fossil 
remains  that  supplement  a  discontinuous  area.  If  these  fossil  remains 
are  found  outside  the  climatic  zone  within  which  lies  the  given  area, 
then,  taking  for  granted  the  constancy  of  the  physiological  character- 
istics of  plants,  we  must  presume  either  that  at  that  time  the  given 
climatic  zone  was  broader  or  that,  while  retaining  the  same  latitudinal 
range,  it  was  subjected  to  a  shifting  from  north  to  south.  A  solution 
to  this  problem  we  find  in  the  fact  that  fossil  remains  have  been 
found  farther  north  than  the  habitats  of  their  present-day  repre- 
sentatives only  in  Europe  and,  to  a  lesser  extent,  in  America,  but  they 
have  never  been  found  in  Asia  as  far  north  as  in  the  case  of  these  other 
continents.  On  the  other  hand,  the  fossil  remains  from  the  tropics  of 
Asia  point  to  the  fact  that  here  climatic  conditions  have  not  suffered 
any  great  changes  since  the  Tertiary  period.  Hence,  it  is  necessary  to 
conclude  that  the  changes  in  climate  did  not  affect  equally  all  parts  of 
any  zone  parallel  to  the  present  equator;  thus,  as  regards  our  tropical 
zone,  Asia  remained  untouched  by  these  climatic  changes.  The  only 
possible  assumption  capable  of  explaining  this  circumstance  is  that  the 
climatic  zones  shifted  obliquely,  due  to  a  change  in  the  location  of  the 

poles. 

On  the  basis  of  the  foregoing  it  is  further  necessary  to  assume,  m 
order   to  explain   the   former   continuity   of   areas  within   any   given 
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zone,  that  the  continents  were  at  one  time  in  contact  with  one  another. 
Thus,  if  we  take  the  southern  hemisphere,  we  find  a  number  of  dis- 
continuous areas,  embracing  South  America  and  Australia,  Africa  and 
Austraha,  or  South  America,  Africa,  and  Australia.  The  fact  that 
these  areas  do  not  include  any  territory  in  the  northern  hemisphere 
cannot  be  regarded  as  accidental  and  indicates  that  these  areas  con- 
stitute parts  of  once-continuous  areas.  This  connection  between  the 
continents,  for  instance,  in  the  case  of  South  America  and  Australia, 
must  have  been  achieved  by  the  shortest  possible  route,  i.e.,  by  way  of 
Antarctica.  Hence  we  may  conclude  that  the  continents  of  the 
southern   hemisphere   were    at    one    time    connected,    not    only   South 


Fig.  30.  —  Shifting  of  the  North  Pole  in  its  relation  to  Europe:  i,  in  the  Miocene; 
2-4,  in  the  Pliocene;  (4,  Kansan);  5,  during  the  Giinz  glaciation;  6,  during  the 
Mindelglaciation;  7,  during  the  Riss  glaciation;  8,  during  the  Wurni  glaciation; 
9,  during  the  Baltic  advance  of  the  icesheet.    (After  Koppen  and  Wegener). 

America,  Australia,  and  New  Zealand  being  in  contact,  but  also  South 
Africa. 

On  the  basis  of  these  fundamental  features  of  the  areas  of  angio- 
sperms  and  the  conclusions  which  we  have  drawn,  we  may  now  take 
up  the  problem  of  the  genesis  of  these  areas.  From  what  has  been  said 
it  follows  that  there  existed  a  period  in  the  history  of  many  families 
of  plants  when  their  areas  embraced  very  extensive  territories,  lying 
either  within  the  boreal,  north  temperate,  and  tropical  zones  or  within 
the  south  temperate  zone.  In  the  former  case  it  is  necessary  to 
assume  a  direct  connection  between  America,  Euro-Africa,  and  Asia; 
in  the  latter  case  it  must  be  assumed  that  it  was  possible  for  species  to 
migrate  directly  from  South  America  to  Australia  and  also  for  an 
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exchange  of  forms  between  Australia  and  Africa.  This  was  a  time  when 
many  families  and  genera  had  their  maximum  area.  This  period  in  the 
formation  of  areas  Irmscher  regards  as  the  first  phase  in  their  de- 
velopment. 

In  the  succeeding  period  these  areas  were  subjected  to  changes 
under  the  pressure  of  various  factors,  of  which  changes  in  climatic 
conditions  and  in  the  location  of  the  continents  were  the  most  im- 
portant. These  changes  resulted  in  the  areas  becoming  discontinuous, 
acquiring  characteristics  of  symmetry  and  zonation.  At  the  same  time 
the  genera  occupying  these  areas  continued  to  develop,  there  arose  new 
species  and  genera,  and  as  a  result  of  their  dispersal  new  boundaries 
for  these  areas  were  created.  This  constitutes  the  second  phase  in  the 
development  of  areas.  A  characteristic  feature  of  this  phase  is  the 
clearly  expressed  adaptation  of  areas  to  the  present  location  of  the 
continents  and  their  separation  from  one  another.  During  this  period 
the  Atlantic  Ocean  was  formed,  separating  Europe  and  Africa  from 
America,  and  Australia  and  South  America  likewise  became  definitely 
separated. 

Mosses. — Having  made  a  study  of  discontinuities  in  the  distribution 
of  mosses,  Herzog  (1926)  came  to  the  conclusion  that  their  present 
distribution  is  comprehensible  only  in  the  light  of  Wegener's  theory  of 
continental  drift.  Irmscher  (1929)  Hkewise  studied  the  distribution  of 
mosses  from  this  point  of  view,  and  he  arrived  at  the  same  conclusion 
as  Herzog.  As  a  result  of  his  investigations,  Irmscher  found  that  the 
distribution  of  mosses  does  not  bear  a  chance,  haphazard  character,  as 
would  be  the  case  if  the  transport  of  their  spores  by  wind  played  as 
important  a  role  as  has  usually  been  ascribed  to  it.  His  study  of  the 
distribution  of  mosses  revealed  just  such  discontinuous  areas  as  are 
found  in  the  case  of  conifers  and  angiosperms,  this  phenomenon  being 
perhaps  of  even  more  frequent  occurrence  among  mosses. 

The  most  characteristic  of  such  discontinuous  areas  are  those  whose 
separate  parts  are  found  in  America,  on  the  one  hand,  and  in  Euro- 
Africa,  on  the  other.  Such  a  discontinuity  we  find  in  the  areas  of  two 
families  {Eustichiaceae  and  Oedipodiaceae),  each  having  only  one  genus, 
and  in  36  genera,  8  subgenera  and  sections,  and  144  species  belonging 
to  other  families — a  total  of  190  taxonomic  units.  These  areas  lie,  for 
the  most  part,  in  a  single  climatic  zone;  only  a  few  embrace  more  than 
one  zone.  In  some  cases  there  is  a  gap  in  the  area  over  the  entire 
continent  of  Africa,  while  habitats  are  found  on  adjacent  islands,  as, 
for  instance,  in  the  case  of  the  areas  of  the  genera  Eustichia,  Staberia, 
and  Tortula.  The  frequency  of  such  very  similar  discontinuous  areas 
cannot  be  accidental;  it  undoubtedly  testifies  to  the  fact  that  the  now 
separate  parts  of  these  areas  were  at  one  time  united.  This  lends  sup- 
port to  the  theory  of  continental  drift,  according  to  which  America  and 
Euro- Africa  were  formerly  in  contact. 

That  such  a  contact  existed  is  likewise  confirmed  by  those  dis- 
continuous areas  whose  separate  parts  lie  not  only  in  America  and 
Euro-Africa  but  also  in  Asia  and,  in  some  cases,  in  Australasia.  These 
areas  are  directly  linked  with  those  that  show  a  break  in  the  Euro- 
African  sector.  Thus,  the  genus  Rhegmatodon,  having  a  total  of  12 
species,  is  represented  by  6  species  in   Central  and  South  America, 
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4  species  in  Asia  (from  the  Himalayas  to  Java),  and  only  2  species  in 
the  Euro-African  sector  and  these  only  on  islands  (one  on  Fernando  Po 
and  one  on  Madagascar).  The  genus  Jaegerina  has  disappeared  al- 
together from  the  mainland  and  is  now  found  only  on  islands,  its  distri- 
bution being  similar  to  that  of  the  genus  Ravenala.  One  species  grows 
on  Jamaica,  four  on  Madagascar,  and  one  on  Luzon  Island  in  the 
Philippines.  This  paucity  of  stations  within  the  Euro-African  sector, 
observed  likewise  among  the  higher  plants,  may  be  explained  only  as  a 
result  of  climatic  changes  that  took  place  as  a  consequence  of  the 
shifting  of  the  tropical  zone  far  to  the  south,  accompanied  by  an  ad- 
vance of  the  glaciers  over  most  of  Europe  and  a  lowering  of  the  tem- 
perature in  central  and  northern  Africa. 

The  impoverishment  of  vegetation  in  the  Euro-African  sector  led,  in 


Fig.  31.  —  Area  of  distribution  of  Clelhra  {Clethraceae)  \   Shading  =  present  range;   black 
dots  =  fossil  occurrence.    (Mter  Irmscher). 

the  case  of  many  genera,  to  a  complete  absence  of  representatives  in 
Africa  and  the  consequent  formation  of  areas  with  two  widely-sepa- 
rated parts,  one  in  South  America  and  one  in  Asia.  The  fact  that 
genera  with  such  areas  comprise  a  very  limited  number  of  species 
indicates  that  they  are  very  ancient.  Some  genera  embrace  a  few 
species  that  have  preserved  their  distribution  in  Europe  but  not  in 
Africa.  For  instance,  the  genus  Hookeria  has  one  species,  H.  acutifolia, 
distributed  in  South  America  (Guadeloupe,  Ecuador,  Bolivia,  Brazil) 
and  Asia  (the  Himalayas,  Ceylon,  Java)  and  another  species,  H. 
lucens,  distributed  in  North  America  and  Europe.  As  offshoots  of  such 
areas  we  sometimes  find  (as  also  among  the  higher  plants)  spurs  ex- 
tending to  Australia  and  Polynesia,  which  attests  the  former  existence 
of  a  connection  between  Asia  and  Australasia. 
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There  are  similar  discontinuous  areas  of  mosses  in  the  southern 
hemisphere,  embracing  territories  in  all  or  some  of  the  following  re- 
gions: Australia,  New  Zealand,  and  the  southern  extremities  of  Africa 
and  South  America.  There  are  estimated  to  be  4  genera,  3  sections, 
and  18  species  of  mosses  with  areas  embracing  all  the  afore -mentioned 
regions,  2  genera  and  16  species  found  only  in  South  America  and 
South  Africa,  5  genera,  i  section,  and  9  species  in  South  Africa  and 
Australasia,  and  2  families,  14  genera,  8  subgenera  and  sections,  and 
64  species  in  South  America  and  Australasia.  The  total  number  of 
taxonomic  units  having  such  southern  discontinuous  areas  amounts  to 
142  (3  families,  33  genera,  12  subgenera  and  sections,  and  94  species). 
It  were  just  such  discontinuous  areas  among  other  groups  of  plants  that 
compelled  Hooker  to  believe  that  there  must  have  existed  a  great 
Antarctic  continent  uniting  in  one  land-mass  the  continents  and  islands 
of  the  southern  hemisphere. 

The  fact  that  mosses,  to  an  even  greater  extent  than  angiosperms, 
are  characterized  by  discontinuous  areas  may  be  ascribed  to  their 
greater  antiquity  and  greater  ability  to  withstand  changes  in  climatic 
conditions,  which  made  it  possible  for  them  to  survive  the  lower  tem- 
perature at  the  close  of  the  Tertiary  and  beginning  of  the  Quaternary 
period  in  many  places  where  the  flowering  plants  were  doomed  to 
destruction. 

Cycadaceae. — The  origin  of  the  Cycadaceae  in  the  light  of  Wegener's 
theory  has  been  studied  by  Koch  (1925).  The  Cycadaceae  are  one  of 
those  ancient  families  whose  origin  must  be  referred  to  the  Permian  or 
Triassic  period,  i.e.,  precisely  to  that  time  when,  according  to  Wegener, 
the  rifting  apart  of  the  continents  began.  Consequently,  a  study  of  the 
history  of  their  origin  and  distribution  is  of  special  interest. 

The  Cycadaceae,  according  to  Koch  (pp.  68-69),  arose  directly  from 
the  Carboniferous  flora  in  the  equatorial  zone  of  that  time,  i.e.,  in 
central  and  eastern  North  America,  central  Europe,  and  the  adjoining 
part  of  Asia  lying  at  the  same  latitude,  in  so  far  as  these  latter  regions 
were  not  covered  by  the  great  inland  seas.  During  the  succeeding 
geological  periods  the  Cycadaceae  spread  to  the  north  and  south,  em- 
bracing, on  the  one  hand,  extensive  regions  in  northern  Europe  (at 
that  time  subtropical)  and  in  Siberia,  Spitzbergen,  and  Greenland  and, 
on  the  other,  the  Mediterranean  Region  and  north  Africa.  That  they 
acquired  such  a  wide  distribution  is  attested  by  the  numerous  fossil 
occurrences  of  cycads,  belonging  to  at  least  34  genera  and  278  species. 
This  flourishing  of  the  Cycadaceae  reached  its  apogee  at  the  beginning 
of  the  Cretaceous  period,  after  which  they  begin  to  decline,  conifers 
and  angiosperms  taking  their  place. 

The  history  of  the  distribution  of  the  Cycadaceae  followed,  according 
to  Koch  (pp.  69-71),  this  course:  One  group  of  Zamiaceae,  probably  as 
early  as  the  Triassic  period,  spread  from  central  Europe  to  "Nord- 
atlantis",  whence  it  later  extended  its  range  southward  as  far  as  Cen- 
tral America  and  the  northern  part  of  South  America.  Of  the  four 
genera  belonging  to  this  group  two,  Dioon  and  Ceratozatnia,  eventually 
restricted  their  range  to  Mexico;  the  genus  Zamia,  however,  is  still 
represented  by  not  less  than  30  species  in  northern  Brazil,  Peru, 
Nicaragua  (Granada  Dep.),  Guatemala,  the  Antilles,  and  Florida.    The 
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fourth  genus,  Microcycas,  very  closely  related  to  Zamia,  is  now  confined 
to  Cuba.  Another  group  of  Zamiaceae  spread  southward  from  the 
equator  of  the  Permian  period  into  Africa,  where,  as  the  climate  gradu- 
ally became  warmer,  it  reached,  by  way  of  eastern  Africa,  the  Cape  of 
Good  Hope.  Of  this  group  there  has  been  preserved  the  genus  En- 
cephalarlos.  From  eastern  Africa  closely  related  forms  spread,  by  way  of 
Madagascar  and  the  East  Indies,  to  Australia,  which  lands  at  that 
time  formed  with  Africa  a  vast,  united  land-mass  (Gondwanaland) . 
In  east  Australia  (New  South  Wales)  we  find  the  genus  Macrozamia, 
which  is  closely  related  to  the  African  Encephalartos  and  the  American 
Zamia. 

The  group  of  Cycadaceae  proper,  represented  by  the  genus  Cycas, 
is  probably  also  of  African  origin.  Although  in  Africa  itself  it  has 
not  been  preserved,  we  find  its  most  ancient  representative,  Cycas 
Thouarsii,  on  Madagascar  and  the  Comoro  Islands  and  a  very  close 
relative  of  this  species,  Cycas  circinalis,  in  the  East  Indies.  From  these 
regions  this  group  is  presumed  to  have  spread  to  adjoining  Australia. 
Lastly,  the  East-Asiatic  forms  {Cycas  siamensis  and  C.  revoluta)  reached 
their  present  habitats  by  way  of  the  East  Indies. 

Schuster  (1931)  holds  a  different  view.  In  his  opinion  the  initial 
forms  of  the  family  Cycadaceae  arose  on  the  Eurasian  continent.  These 
Upper  Triassic  cycads  [Ur-Cycadaceae)  gave  off  two  branches  that 
spread  from  the  ancient  continent  of  Angara,  one  to  Gondwanaland 
and  one  to  North  America.  From  the  Tertiary  descendants  of  these 
initial  forms  there  arose  our  present-day  cycads  in  different  centers, 
such  as  the  Himalayas,  western  Australia,  South  Africa,  Mexico,  and 
Central  America.  This  investigator  considers  that  his  data  controvert 
Wegener's  theory,  but,  in  order  to  explain  them,  he  has  to  assume 
that  there  existed  continents  where  now  there  is  sea,  which  is  refuted 
by  modern  geology. 

Ginkgoales. — The  distribution  of  the  Ginkgoales — represented  in  our 
present-day  flora  by  only  one  relic  species,  Ginkgo  biloba,  growing  in 
Japan  in  forest  reserves  and  possibly  wild  in  China — has  been  studied 
by  Shaparenko  (1935,  1936)  with  the  special  aim  of  testing  Wegener's 
theory.  Ginkgo  in  past  geological  periods  had  a  very  extensive  area  in 
the  northern  hemisphere,  as  shown  by  the  location  of  its  fossil  re- 
mains, known  as  Ginkgo  adiantoides.  Moreover,  changes  in  the  location 
of  the  area  of  Ginkgo  in  different  geological  periods  coincide  with 
remarkable  exactitude  with  changes  in  the  location  of  the  40th  parallel 
as  given  by  Koppen  and  Wegener  (1924):  — 

"The  most  ancient  finds  of  this  species  —  Ajakit  [Siberia],  Cape  Boheman  [Spits- 
bergen]—  are  located  in  the  tertiary  of  Angarida,  seemingly  the  center  of  the  growth  of 
this  species.  According  to  Wegener,  this  region  should  have  lain  at  about  40°  north 
latitude,  which  almost  coincides  with  the  latitude  of  the  area  of  the  Uving  species  now 
growing  in  a  half-wild  state"  (Shaparenko,  1935,  pp.  15-16). 

In  Cretaceous  deposits  Gingko  is  again  found  in  the  Far  East,  but  it 
is  also  found  in  Greenland  and  in  North  America  (Upper  Cretaceous). 
In  intermediate  localities  it  has  not  yet  been  found.  These  fossil 
occurrences  lend  support  to  the  presumption  that  these  territories  were 
at  that  time  connected,  since  they  cannot  be  explained  by  chance 
transport  of  seeds.     The  seeds  of  Ginkgo,  as  those  of  other  gymno- 
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sperms  of  that  period,  cannot  long  remain  submerged  in  sea  water 
without  injuring  the  embryo,  so  that  transport  by  sea  currents  is  im- 
probable. Of  birds  at  that  time  there  existed  only  Archaeopteryx,  and 
mammals  had  only  just  begun  to  make  their  appearance.  There  was 
also  no  possibility  of  wind  transport,  since  Ginkgo  has  very  large, 
heavy  seeds  without  any  adaptations  for  flight.  This  connection  of 
Greenland  and  North  America  with  Eurasia  was  broken,  according  to 
Wegener,  only  in  the  Quaternary  period.  This  genus  extended  its 
range  eastward  and  westward  from  the  indicated  Angara  center  in 
strict  conformity  with  the  location  of  the  40th  parallel.  The  absence 
at  this  time  (at  the  close  of  the  Jurassic  and  the  beginning  of  the 
Cretaceous  period)  of  any  considerable  shiftings  of  area  in  the  merid- 
ional direction  is  in  accord  with  the  supposition  of  Koppen  and 
Wegener  that  climate  changed  very  little  during  these  geological 
periods. 


^Ae  C/'e^oceous  ar-ea. 

on/y    o^  ^Ae  e/tty  ©y  ;f/>s  Cye^crceous. 

Fig.  32.  —  Areas  of  Ginkgo  adiantoides  Unger  in  different  geologic  periods.  The 
geographic  network  (0°,  30°,  60°)  and  the  shapes  of  the  mainlands  are  those  of  the  Cretace- 
ous.   (After  Shapaeenko). 

At  the  beginning  of  the  Tertiary  period  there  took  place  an  ex- 
tension of  the  area  of  Ginkgo  in  North  America  toward  the  north, 
which  corresponds  to  the  change  to  a  warmer  cHmate  that  occurred 
here  and  reached  its  maximum  during  the  Eocene  stage.  In  the 
Oligocene  and  Miocene  stages  the  climate  over  the  entire  Eurasian 
continent  and  also  over  North  America  began  to  get  colder.  This 
caused  a  shifting  of  the  area  of  Ginkgo  to  the  south.  Prior  to  the 
Pliocene  stage  it  had  already  reached  as  far  south  in  North  America 
as  British  Columbia  and  in  Europe  as  Sterhtamak  (Bashkiria).  During 
the  Pliocene  stage  Ginkgo  became  extinct  in  America,  and  in  Europe 
there  remained  only  a  small,  isolated  area  in  southern  France,  which 
was  completely  wiped  away  by  the  Quaternary  glaciation.  Ginkgo 
has  thus  been  preserved  to  the  present  day  only  in  eastern  Asia,  a 
region  which  was  not  subjected  to  glaciation  and  which  has  suffered 
least  of  all  from  great  climatic  changes.    This  accounts  for  the  preser- 
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vation  in  the  flora  of  this  region  of  a  number  of  ancient,  relic  ele- 
ments. 

Coniferae. — A  test  of  Wegener's  theory  on  the  basis  of  the  distri- 
bution of  conifers  was  made  by  Studt  (1926).  The  regularity  estab- 
lished by  Irmscher  as  regards  the  structure  of  areas  was  fully 
confirmed  by  Stxjdt  in  the  case  of  the  areas  of  conifers,  a  study  of 
which  led  him  to  the  following  conclusions. 

The  first  conifers  made  their  appearance  in  the  Upper  Carboniferous 
and  Permian  periods.  As  regards  their  dispersal,  we  can,  on  the  basis 
of  paleobotanic  data,  establish  three  stages:  (i)  from  the  Upper 
Carboniferous  to  the  Triassic  period — dispersal  throughout  the  north 
temperate  zone  of  Europe  and  North  America;  (2)  during  the  Mesozoic 
era  there  are  formed  two  centers  of  distribution  of  conifers — in  the 
southern  hemisphere  there  are  concentrated  Araucariaceae  and  Podo- 
carpaceae  and  in  the  northern  Pinaceae  and  Taxodiaceae  and  later  also 


— •—    7y>s  ^'ocG^s   cr/^ecr. 
O      TVje  /'//ocene   ameer 
#      me  ^uoter>/70/'y  o/^ea. 

Fig.  a.  —  The  Eocene-Oligocene,  Miocene,  Pliocene,  and  Quarternary  areas  of  Ginkgo 
adianloides .  The  geographic  network  and  the  shapes  of  the  mainlands  are  those  of  the 
Miocene,     (.^fter  Shapasenko). 

Taxaceae  and  Cupressaceae  (at  this  time  Europe  has  an  abundance  of 
conifers,  exceeding  possibly  in  number  even  those  of  North  America); 
(3)  the  Quaternary  period  is  characterized  by  the  predominance  of 
conifers  in  North  America  and  eastern  Asia  and  the  occurrence  of 
isolated  areas  in  the  southern  hemisphere.  In  Europe  during  the  Ice 
Age  a  large  part  of  the  conifers  died,  while  in  North  America  and 
eastern  Asia,  thanks  to  more  favorable  conditions,  particularly  the 
absence  of  mountain  chains  running  east  and  west  that  would  have 
constituted  barriers  to  the  southward  spread  of  vegetation,  they  were 
preserved  in  considerably  greater  numbers.  In  these  latter  regions  in 
post-glacial  times  there  also  arose  new  forms,  while  Europe  remained 
poor  in  species  of  conifers.  Consequently,  as  Irmscher  also  estab- 
lished, Europe,  which  was  characterized  during  the  first  and  second 
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stages  by  a  great  abundance  and  diversity  of  conifers,  is  during  the 
third  stage  characterized  by  extreme  poverty  as  regards  conifers. 

For  a  confirmation  of  Wegener's  theory  it  is  exceptionally  im- 
portant to  establish  correspondence  or  lack  of  correspondence  between 
the  past  distribution  of  plants  and  present-day  climatic  zones.  As  we 
have  already  noted,  Koppen  and  Wegener  believe  that  during  the 
Cretaceous  period  and  the  beginning  of  the  Tertiary  period  the  tropical 
zone  occupied  a  different  position  than  it  does  at  present.  By  glancing 
at  the  location  of  fossil  occurrences  of  conifers,  one  is  immediately 
struck  by  the  fact  that,  besides  the  marked  zonation  of  their  distri- 
bution, they  are  found  in  the  present-day  arctic  region  in  places  located 
beyond  the  northern  limit  of  distribution  of  woody  plants  and  now 
lying  under  a  permanent  cover  of  snow  and  ice.  Thus,  according  to 
data  presented  by  Koppen  and  Wegener,  on  Spitsbergen  there  have 


o 


Zoco/y^oa^  /'ey'o/rj  &t//'/f?y  Me  0//yocef7e-  ^/'ocsffO. 


Fig.  34.  —  The  distribution  of  Ginkgo  adiantoides  Unger  in  different  geologic  periods. 
The  geographic  network  and  the  shapes  of  the  mainlands  are  those  of  the  Eocene.  The 
distribution  was  effected  by  means  of  the  connections  between  continents.  The  map 
shows  the  progress  of  distribution  during  the  Jurassic,  the  Cretaceous,  and  the  Eocene,  the 
region  in  which  the  plant  was  locaUzed  during  the  OUgocene-Miocene,  the  ginkgo  area 
which  remained  in  Europe  to  the  end  of  the  Pliocene,  and  the  Quarternary  ginkgo  area. 
(After  Shaparenko). 

been  found  fossil  remains  of  179  species  of  woody  plants,  conifers 
predominating;  in  the  western  part  of  Greenland,  as  far  north  as 
yo°N.— 169  species;  on  the  Island  of  Disko— 282  species,  of  which 
19  are  ferns,  28  conifers,  and  200  dicotyledons.  Moreover,  all  these 
fossil  woody  plants  are  characterized  by  annual  rings.  In  deposits  of 
the  end  of  the  Tertiary  period  this  type  of  vegetation  in  the  arctic 
region  begins  to  disappear  and  in  the  Quaternary  period  it  vanishes 
altogether.  At  this  time  in  the  Antarctic  there  was  still  a  subtropical 
climate,  as  is  attested  by  the  finding  there,  in  Quaternary  deposits,  of 
Araucaria  Nathorstii;  the  Falkland  Islands  were  still  heavily  wooded 
and  Seymour  Island,  now  lying  in  a  region  of  eternal  ice,  was  also 
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characterized    by    a  subtropical   flora   at    the    close    of   the   Tertiary- 
period. 

Further  evidence  of  the  occurrence  of  great  climatic  changes  is  pro- 
vided by  the  asymmetry  of  areas,  already  mentioned  as  regards  other 
types  of  vegetation  and  likewise  characteristic  of  conifers.  Thus,  if  we 
glance  at  the  areas  of  conifers,  we  find:  (i)  uniformity  in  the  composi- 
tion of  the  coniferous  floras  of  the  Paleozoic  and  Mesozoic  eras,  often 
even  to  the  extent  of  comprising  the  same  species,  due  to  the  exception- 
ally wide  distribution  of  many  genera  and  species  {e.g.,  Podocarpus  and 
Araucaria);  (2)  similarity  between  the  Mesozoic  conifers  of  North 
America  (particularly  those  of  the  Pacific  coast)  and  Europe  {e.g., 
Sequoia);  (3)  occurrence  of  such  genera  as  Araucaria,  now  distributed 
only  in  the  southern  hemisphere,  quite  far  north  in  the  northern  hemi- 
sphere; (4)  zonal  distribution  of  areas;  (5)  discontinuity  of  the  present 
area  of  Araucaria  with  two  widely-separated  parts  in  South  America 
and  Australia. 

By  assuming,  as  Wegener  does,  that  in  the  Permian  period  all  the 
continents  formed  one  great  land-mass  (Pangaea)  and  that  subse- 
quently they  broke  apart  and  shifted  their  position  in  relation  to  the 
poles,  all  the  peculiarities  in  the  distribution  of  conifers  become  under- 
standable. 

Angiospermae. — The  regularities  in  the  structure  of  areas  of  angio- 
sperms — established,  as  we  have  already  noted,  by  Irmscher,  on  the 
basis  of  a  study  of  the  distribution  of  the  various  famiUes  belonging  to 
this  group  of  plants — led  him  to  certain  conclusions,  which  we  shall 
now  present  in  brief. 

The  facts  established  regarding  the  first  stage  in  the  development  of 
the  areas  of  angiosperms — fossil  occurrences  of  tropical  genera  in 
Europe  and  North  America,  migration  of  plants  from  America  to  the 
east,  the  law  of  zonation — cannot  be  explained  either  by  the  theory  of 
the  permanence  of  the  Atlantic  Ocean  or  by  the  assumption  that  there 
existed  a  trans-Atlantic  land-bridge  from  Greenland  to  Iceland  and 
Scotland.  In  order  to  explain  these  facts,  it  is  necessary  to  assume 
either  that  there  existed  a  huge  continent  connecting  America  with 
Europe  across  the  Atlantic  or,  which  is  the  more  probable,  that  these 
two  continents  were  in  direct  contact  with  each  other. 

The  second  stage  in  the  development  of  areas  is  very  clearly  de- 
marcated from  the  first  stage.  If  one  were  to  assume  the  permanence 
of  the  oceans,  it  would  be  impossible  to  explain  the  entirely  different 
configuration  of  areas  in  their  first  and  second  stages. 

The  picture  drawn  by  Wegener  of  the  position  of  the  continents 
before  and  after  the  breaking  up  of  Pangaea  could  not  be  in  closer 
accord  with  these  first  and  second  stages  in  the  development  of  the 
areas  of  angiosperms.  Wegener's  theory  of  continental  drift  not  only 
makes  plausible  a  close  connection  between  North  America  and  Europe 
but  also  provides  a  solution  of  the  hitherto  inexplicable  riddle  of  the 
distribution  of  vegetation  in  the  southern  hemisphere.  The  fact  that 
the  floras  of  South  America,  Australasia,  Africa,  and  the  subantarctic 
islands  have  much  in  common,  quite  incomprehensible  in  the  light  of 
their  present  widely-separated  locations,  is  at  once  elucidated  by  pre- 
suming that  these  territories  in  the  Mesozoic  era  were  united,  thus 
making  possible  an  interchange  of  vegetation. 
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Irmscher's  final  conclusions  may  be  summarized  as  follows:  (i)  In 
order  to  understand  the  geographical  distribution  of  plants,  it  is  neces- 
sary to  assume  a  shifting  of  the  poles,  and,  as  a  corollary  to  this  proposi- 
tion, a  shifting  of  the  climatic  zones;  (2)  of  all  the  hypotheses  advanced 
regarding  the  origin  of  our  continents  Wegener's  theory  is  most  closely 
in  accord  with  data  on  the  distribution  of  angiosperms,  and,  hence, 
these  data  serve  as  a  proof  of  the  theory. 

Wegener's  theory  is  likewise  substantiated  by  the  data  presented 
by  Lam  in  two  papers  (1932,  1934)  devoted,  respectively,  to  the  floras 
of  the  Malay  Archipelago  and  New  Guinea.  In  the  former,  which 
constitutes  a  detailed,  monographic  study  of  the  Burseraceae  and  of  the 
phylogenetic  relationships  between  its  component  species,  Lam  (1932, 
p.  300)  comes  to  the  conclusion  that  the  primitive  Burseraceae  must 
have  originated  in  South  America,  in  Brazil,  whence,  thanks  to  a  con- 
nection with  West  Africa  and  Eurasia  that  existed  as  late  as  the 
Upper  Cretaceous  or  even  as  the  Lower  Eocene  stage,  species  of  this 
family  reached  eastern  Asia  and  became  established  there,  particularly 
on  the  islands  of  the  Malay  Archipelago.  From  the  point  of  view  of 
this  investigator,  the  history  of  the  Burseraceae  and  of  their  distribution 
agree  quite  closely  with  Wegener's  theory. 

Of  very  great  significance  in  this  connection  is  Shaparenko's  paper 
(1937)  devoted  to  the  past  and  present  distribution  of  the  tulip  tree, 
Liriodendron.  This  investigator  had  as  his  special  aim  to  test  We- 
gener's theory  on  the  basis  of  data  on  angiosperm  distribution.  His 
work  is  of  all  the  more  value,  since  it  is  based  not  only  on  published 
data  but  on  a  first-hand  study  of  a  number  of  collections  of  the  fossil 
remains  of  this  plant.  Liriodendron  is  represented  at  the  present  time 
by  only  two  species:  the  first,  L.  Tulipifera,  is  distributed  throughout 
the  Atlantic  section  of  the  United  States,  from  Florida  to  Michigan 
(between  the  30th  and  45th  parallels) ;  the  second,  L.  chinense,  has^  a 
more  restricted  area  at  about  the  same  latitude  but  in  eastern  Asia, 
not  far  from  the  Pacific  Coast,  in  the  Kiang-si  Province  of  China. 

The  first  fossil  leaves  of  the  tulip  tree  are  found  in  Cretaceous  de- 
posits in  North  America.  The  Cretaceous  area  of  Liriodendron  was 
located  in  the  southeastern  part  of  North  America,  the  center  of  the 
area  being  at  about  the  30th  parallel,  according  to  the  climatic  zonation 
given  for  this  period  by  Koppen  and  Wegener.  The  eastern  end  of 
the  area  lies  a  little  south  of  this  parallel  and  the  western  end  a  little 
north  of  it.  This  is  in  accord  with  the  present  lack  of  full  coincidence 
between  the  isotherm  and  this  parallel. 

By  the  beginning  of  the  Upper  Cretaceous  Liriodendron  attains  its 
greatest  development  in  North  America,  but  by  the  end  of  the  Cre- 
taceous period  it  has  already  become  much  poorer  in  number  of  species, 
and  from  the  Tertiary  period  no  fossil  remains  at  all  have  been  found. 
We  have  no  data  for  judging  as  to  whether  this  genus  died  out  com- 
pletely in  America  or  whether,  in  connection  with  the  onset  of  a  much 
warmer  climate,  which  attained  its  maximum  in  America  during  the 
Eocene  stage,  its  area  was  shifted  considerably  farther  north.  The 
latter  supposition  seems  to  us  the  more  probable,  despite  the  fact  that 
fossil  remains  of  the  tulip  tree  have  not  yet  been  found  in  Tertiary 
deposits  in  America. 


Chapter  X 


-195- 


Historical  Causes 


But  at  this  very  time  Liriodendron  makes  its  appearance  in  Europe, 
which  indicates  that  there  existed  a  land  connection  between  this  con- 
tinent and  America.  The  earliest  Tertiary  remains  of  this  plant,  which 
have  been  referred  to  the  Mexican  species,  L.  Procaccini,  are  those  from 
the  Eocene  stage  found  in  England  and  Iceland.     These  fossil  occur- 


FiG.  3$.  —  Area  of  the  genus  Liriodendron  in  different 
geologic  periods:  i,  Cretaceous;  2,  Eocene;  3,  Miocene, 
but  areas  during  several  geologic  epoclis  are  plotted: 
bent  oval  =  Miocene;  squares  =  Pliocene;  dotted  line  = 
Quarternary.  The  map  of  the  Cretaceous  is  taken  from 
Wegener,  the  others  have  been  compiled  according  to 
Wegener's  data.  The  geographic  network  (0°,  30°,  60°)  of 
the  respective  geologic  epochs  has  been  plotted  on  all  three 
maps  according  to  Wegener's  data.    (After  Sh.\p arenko)  . 

rences  lie  just  south  of  the  30th  parallel  of  those  times,  which  is  at 
approximately  the  same  latitude  as  the  center  of  the  area  of  this  genus 
during  the  Cretaceous  period. 

During  the  Miocene  stage  Liriodendron,  represented  in  all  prob- 
ability by  a  considerable  number  of  species,  greatly  extends  its  range, 
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which  assumes  the  form  of  a  long,  narrow  strip,  following  the  30th 
parallel  of  Wegener's  reconstruction  across  the  entire  breadth  of  the 
Eurasian  continent  from  western  Europe  to  Japan.  As  it  approaches 
the  Pacific  Coast,  the  area  lies  somewhat  to  the  north  of  this  30th 
parallel.  The  change  to  an  ever  colder  climate,  that  was  initiated 
toward  the  end  of  the  Tertiary  period,  led  to  the  dying  out  of  the  tulip 
tree  over  a  large  part  of  its  area.  By  the  Pliocene  stage  we  already 
have  two  widely-separated  areas,  one  in  southeastern  Asia  and  the 
other  in  the  southern  part  of  western  Europe.  These  two  areas  served 
as  centers  of  origin  of  the  two  present-day  vicarious  species.  The 
Asiatic  area  gave  rise  to  L.  chinense  while  the  European  area,  accord- 
ing to  paleobotanic  data,  was  presumably  the  place  of  origin  of  L. 
Tulipifera.  There  is  one  circumstance  that  tends  to  cast  doubt  on  this 
explanation  of  the  origin  of  these  species,  viz.,  that  the  latest  fossil 
remains  of  leaves  of  L.  Procaccini  in  Europe  are  those  of  the  beginning 
of  the  Quaternary  period,  found  in  France.  After  this  Liriodendron 
entirely  disappears  from  Europe.  On  the  Atlantic  Coast  of  North 
America,  on  the  other  hand,  after  a  prolonged  lapse  (during  the  whole 
of  the  Tertiary  period),  there  are  again  found  Quaternary  fossil  re- 
mains of  the  species  L.  Procaccini. 

In  explanation  of  these  puzzhng  facts  several  suppositions  may  be 
advanced.  Of  these  the  most  plausible  is  that  during  the  Tertiary 
period  in  North  America  the  area  of  this  genus  was  shifted  consider- 
ably to  the  north,  where  it  {persisted  until  the  end  of  the  Tertiary 
period,  when,  due  to  the  climate  then  becoming  much  colder,  it  mi- 
grated back  to  the  south  to  its  former  location.  Although  fossil  re- 
mains of  Liriodendron  have  not  yet  been  found  in  Tertiary  deposits  of 
North  America,  it  seems  difficult  to  assume  that  this  genus  completely 
disappeared  during  this  period  from  the  flora  of  America.  It  is  to  be 
hoped  that  future  paleobotanic  findings  will  solve  this  enigma. 

According  to  data  of  I.  G.  Knoring  of  the  Botanical  Institute  of 
the  Academy  of  Sciences  of  the  U.S.S.R.  (unpublished  paper),  there 
exists  similar  close  correspondence  between  changes  in  the  area  of  the 
genus  Liquidambar  and  the  changes  in  climatic  zonation  hypothesized 
by  KoppEN  and  Wegener. 

In  addition  to  these  data  on  the  distribution  of  separate  families 
and  genera,  analyses  of  entire  floras  and  studies  of  the  history  of  their 
development  have  provided  numerous  instances  showing  Wegener's 
theory  of  continental  drift  to  be  in  full  accord  with  the  data  on  the 
migrations  and  interrelations  of  these  floras  in  past  geological  periods. 
The  material  of  such  studies  is  too  voluminous  to  be  presented  here 
even  in  summary  form.  It  will  be  treated  at  considerable  length  in  the 
author's  forthcoming  book,  "A  History  of  Floras"  (to  be  published  by 
the  Academy  of  Sciences  of  the  U.S.S.R.). 

Phjrtogeographical  Arguments  Against  the  Theory  of  Continental 
Drift:  —  The  theory  of  continental  drift  has  been  subjected  to  criticism 
on  the  part  of  some  paleobotanists  and  phytogeographers.  But  the 
arguments  advanced  against  it  are  comparatively  few  in  number. 
Among  the  most  important  are  those  expressed  by  Diels  (1928,  1934, 
1936),  which  may  be  summarized  in  the  following  three  propositions: 
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1.  The  flora  of  the  Atlantic  Coast  of  North  America  is  linked  not 
with  the  flora  of  Europe  but  with  that  of  eastern  Asia; 

2.  The  relic  flora  of  Europe  is  related  to  the  Asiatic  flora  and  does 
not  bear  any  American  features; 

J.  The  autochthonous  flora  of  Australia  bears  a  paleotropic  char- 
acter. 

On  the  basis  of  these  three  propositions  Diels  considers  that 
Wegener's  hypothesis  is  incompatible  with  the  data  of  botanical  ge- 
ography. Diels'  arguments  were  replied  to  at  length  in  a  paper  by 
Irmscher  (1929),  to  which  we  refer  the  reader  for  a  detailed  criticism. 
We  wish  here  only  to  state  that  Diels'  categorical  conclusion  is,  in  our 
opinion,  not  convincing,  since  the  relatively  meager  data  advanced  by 
him  are  refuted  by  counter-arguments,  the  number  of  which  is  con- 
stantly increasing.  Thus,  recent  analyses  of  the  elements  of  the  flora 
of  Australasia  (Schwarz,  1928;  Lam,  1934)  have  elucidated  the  re- 
lationships between  these  elements  and  have  constituted  a  basis  for 
conclusions  quite  at  variance  with  those  of  Diels.  Moreover,  the 
latter's  arguments  do  not  by  any  means  cover  all  the  phytogeographical 
problems  that  are  solved  by  the  theory  of  continental  drift.  In  answer 
to  his  criticism  it  is  possible  to  present  a  considerably  greater  number 
of  biogeographical  facts  that  are  not  contradictory  to  but  confirmatory  of 
Wegener's  theory.  Lastly,  Diels'  arguments  may  be  answered  in  his 
own  words:  ,,Eine  Theorie  der  Erdgestaltung  soil  uns  nicht  ein  beliebiges 
Areal  erklaren,  sie  muss  die  grossen  Ziige  der  Florenbildung  verstandlich 
machen"  (1928,  p.  55). 

Considerably  more  serious  are  the  arguments  against  Wegener's 
theory  based  on  problems  regarding  the  Pacific  Ocean,  in  which  field, 
from  the  point  of  view  of  biogeography,  this  theory  requires  certain 
modifications.  According  to  Wegener,  the  Pacific  Ocean  has  existed 
during  the  entire  history  of  the  earth,  and  its  islands  constitute  land 
fragments  left  at  the  time  of  the  formation  of  this  ocean  in  pre-geologic 
times.  Assuming  such  an  origin  of  these  islands,  it  follows  that  all 
their  fauna  and  flora  are  adventive  in  character.  However,  there  are 
numerous  biogeographical  facts  that  refute  such  a  conclusion.  Conse- 
quently, many  investigators  of  the  organic  life,  particularly  plant  life, 
of  the  Pacific  islands — e.g.,  Beccari  (1886),  Holdhaus  (1909),  Halller 
(1912),  Skottsberg  (1925,  1928),  von  Ihering  (1927),  Guillaumin 
(1928),  and  Campbell  (1928) — consider  that  there  must  have  existed 
trans-Pacific  connections  between  America  and  Asia.  These  views 
have  also  found  support  on  the  part  of  a  number  of  geologists  (Haug, 
1912;   Gregory,  1930). 

A  similar  view  is  advanced  by  Du  Rietz  (193 i)  in  his  interesting 
paper  on  two  new  species  of  Euphrasia  from  the  Philippines,  E. 
philippinensis  and  E.  Merrillii.  The  genus  Euphrasia  has  two  widely- 
separated  centers  of  concentration  of  species,  one  in  the  northern 
hemisphere,  in  Europe,  Asia,  and  the  northern  part  of  North  America, 
and  the  other  in  the  southern  hemisphere,  in  Australia  and  the  archi- 
pelago of  islands  to  the  north.  New  Zealand,  and  the  southern  part  of 
South  America.  Between  the  groups  of  species  located  in  North  and 
South  America,  over  the  entire  length  of  the  two  American  continents, 
there  are  no  connecting  links.    The  South  American  species,  however, 
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possess  a  number  of  characters  indicating  that  they  are  undoubtedly 
closely  related  to  the  species  of  Australasia,  a  circumstance  undoubtedly 
attesting  a  former  trans-Antarctic  connection  between  these  two  an- 
cestral centers.  The  two  new  species  from  the  Philippines  are  very 
close  in  their  morphological  characters  to  the  Japanese  species,  partic- 
ularly those  from  Formosa.  The  latter,  in  turn,  are  closely  related  to 
E.  horneensis  (Mt.  Kinabalu,  Borneo),  but  the  characters  which  they 
have  in  common  are  not  shared  by  the  Philippine  species.  E.  horneen- 
sis, in  its  turn,  shows  close  relationship  with  species  growing  in  the 
mountains  of  New  Guinea,  where  the  genus  Euphrasia  became  con- 
siderably more  differentiated  than  in  Borneo  or  the  Philippines. 

"The  tropical  species  of  Euphrasia  occurring  on  the  high  mountains  of  New  Guinea, 
Borneo,  Luzon,  and  Formosa  thus  obviously  form  a  natural  connection  and  a  gradual 
transition  between  the  austral  and  the  boreal  parts  of  the  genus"  (Du  Rietz,  1931,  p.  529). 

The  data  assembled  by  Du  Rietz  led  him  to  the  assumption  that 
"the  tropical  £w^/?ra5ia-population  ...  is  not  only  the  result  of  acci- 
dental colonization  of  isolated  tropical  mountains  by  species  from  the 
main  distribution  areas  of  the  genus  in  the  north  and  in  the  south,  and 
the  subsequent  transformation  of  these  species  into  the  present  tropical 
species,  but  that  these  tropical  species  are  really  remains  of  the  old 
bridge  once  forming  a  more  continuous  connection  between  the  boreal 
and  the  austral  populations  of  the  genus.  In  Euphrasia  this  trans- 
Malayan  bridge  .  .  .  has  obviously  been  the  only  connection  between 
the  boreal  and  the  austral  parts  of  the  genus.  The  present  distribution 
of  the  genus  Euphrasia,  together  with  the  entire  lack  of  traces  of  a  direct 
relationship  between  the  widely  separated  North  American  and  South 
American  £M/'/zra5za-populations,  clearly  shows  that  the  Andean 
trans-tropical  bridge,  so  important  in  many  other  bipolar  genera  .  .  . 
has  never  been  in  use  in  this  genus.  On  the  other  hand,  there  is  a  very 
distinct  relationship  between  the  South  American  population  and  the 
populations  of  Tasmania  and  New  Zealand"  {Ibid.,  pp.  531-532).  This 
last-mentioned  circumstance  clearly  indicates  that  in  the  past  there 
existed  a  trans-Antarctic  connection  between  South  America  and 
Australasia. 

Of  exceptional  interest  is  the  discovery  by  Skottsberg  in  the  sub- 
alpine  belt  of  Juan  Fernandez  of  a  single  species,  E.  formosissivia,  en- 
demic to  this  island.  Most  remarkable  is  the  fact  that  this  species  shows 
close  af&nity  not  to  the  South  American  species  but  to  the  Australasian 
species,  particularly  those  of  New  Zealand.  Analogous  relationships 
are  found  as  regards  the  Juan  Fernandez  species  of  several  other 
genera,  e.g.,  Halorrhagis,  Ranunculus,  Coprosma,  and  Santalum,  which 
indicates  the  former  existence  of  a  direct  connection  between  this  island 
and  the  islands  of  the  western  part  of  the  Pacific.  Thus,  we  seem  to 
have  here  fragments  of  a  former  trans-Pacific  land-bridge. 

Du  Rietz  {loc.  cit.,  p.  538)  considers  that  Wegener's  theory  with 
"its  absurd  phytogeographical  consequences"  cannot  provide  an 
explanation  of  the  foregoing  facts.  Despite  the  interest  and  importance 
of  the  data  presented  by  Du  Rietz,  his  conclusions  are  too  categorical. 
His  data  show  the  need  of  further  research  on  the  theory  of  continental 
drift,  but  touching,  as  they  do,  only  one  of  its  propositions,  they  cannot 
serve  as  grounds  for  discarding  the  theory  as  a  whole. 
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As  an  authoritative  reply  to  Du  Rietz  we  may  cite  the  words  of 
Seward  (1934),  who  himself  is  by  no  means  inclined  to  accept  Weg- 
ener's theory  unconditionally.  As  a  result  of  a  study  of  fossil  woody 
plants  of  the  Kerguelen  Archipelago,  he  came  to  the  conclusion  that :  — 

"We  are  not  exclusively  concerned  with  possibiHties  of  plant-dispersal  and  the  stocking 
of  areas  that  are  now  oceanic  islands;  there  is  also  a  cUmatic  problem.  Phytogeography 
IS  not  only  intimately  connected  with  geology;  it  may  receive  substantial  assistance  from 
geophysics.  Improved  methods  of  soundings  have  shown  that  some  parts  of  the  ocean- 
floor  are  counterparts  of  mountainous  regions  of  continents  rather  than  submarine  plains- 
former  isthmian  Knks  from  continent  to  continent  .  .  .  may  be  imagined  with  reasonable' 
justification,  but  it  is  very  doubtful,  if  they  in  themselves  wiU  supply  adequate  explana- 
tions of  climatic  conditions  necessitated  by  extinct  floras.  Vertical  movements  alone  are 
insufficient;  lateral  displacement  of  continents  seems  to  be  an  almost  necessary  assumption. 
It  IS  stated  that  recent  soundings  reveal  contours  on  the  sea-floor  comparable  with  those  of 
contments;  and  that  the  South  AntiUean  arc,  geologicaUy  and  geographically,  shows  a 
mixture  of  oceanic  and  continental  characters.  These  and  other  arguments  have  been  ad- 
vanced against  the  acceptance  of  Wegener's  theory  with  its  '  absurd  phytogeographical 
consequences',  which  Do  Rietz  (1931)  considers  are  demonstrated  by  Diels  and  other 
authors  whom  he  quotes.  Though  it  may  be  conceded  that  the  difficulties  presented  by 
the  past  and  present  distribution  of  plants  cannot  be  satisfactorily  disposed  of  by  the  ac- 
ceptance of  WEGE>fER's  theory  as  he  propounded  it,  this  concession  does  not  preclude 
behef  in  some  form  of  continental  drift. 

"The  Wegener  hypothesis,  despite  the  serious  criticism  which  it  has  raised,  appeals 
strongly  to  the  imagmation.  ...  It  is  by  no  means  improbable  that  solutions  of  some  of 
the  many  problems  of  Plant  Geography— both  past  and  present— wiU  be  found,  not  in 
the  raising  of  foundered  continents,  but  through  the  acceptance  of  the  mobility  of  the 
earth's  crust,  as  a  factor  not  merely  imagined  but  substantiated  by  evidence  which,  it  may 
be  suggested,  will  eventually  be  provided"  (p.  736). 

All  these  considerations  show  that  by  far  not  all  the  puzzling  prob- 
lems in  the  distribution  of  plants  on  the  islands  of  the  Pacific  Ocean 
and  the  countries  bordering  on  this  ocean  may  be  considered  solved. 
Undoubtedly  there  also  existed  continental  connections  in  the  southern 
part  of  the  Pacific  similar  to  the  connection  between  America  and  Asia 
in  the  region  of  the  Bering  Straits.  Nevertheless,  it  is  impossible  to 
assume  the  former  existence  either  of  a  lost  continent  occupying  the 
basin  of  the  Pacific  Ocean  or  of  a  direct  contact  between  America  and 
Asia,  as  in  the  case  of  America  and  Euro-Africa.  The  history  of  the 
Pacific  Ocean  is  entirely  different  from  that  of  the  Atlantic. 

Although  we  have  not  enumerated  here  all  the  points  in  Wegener's 
theory  that  are  not  in  accord  with  biogeographical  data,  we  shall  not 
pursue  this  further.  In  our  opinion  they  do  not  suffice  to  discard 
Wegener's  theory  as  incorrect  but  only  indicate  that  in  this  theory 
there  is  still  much  that  requires  further  elaboration  and  modification. 
In  any  event  its  significance  for  biogeography  is  beyond  doubt.  It  has 
thrown  light  on  a  number  of  hitherto  entirely  incomprehensible  mo- 
ments in  the  geography  of  plants.  It  has  shown  us  new  ways  out  from 
that  bhnd  alley  into  which  we  were  led  by  the  mutually  exclusive 
theories  of  land-bridges  and  of  the  permanence  of  oceans  and  con- 
tinents. Even  though,  as  Kubart  (1926)  pointed  out,  continental  drift 
is  not  the  sole  factor  determining  the  present  areas  of  relic  species,  and 
even  though  Wegener's  theory  still  requires  additions  and  corrections, 
it,  nevertheless,  constitutes  the  only  plausible  working  hypothesis  upon 
which  the  historical  plant  geographer  may  base  his  conclusions. 
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Chapter  XI 
CONCEPT  OF   FLORAL  ELEMENTS 

An  investigation  of  the  origin  and  history  of  development  of  a  flora 
should  be  based  on  a  study  of  paleobotanical  data  and  an  analysis  of 
the  areas  of  the  species  of  which  the  given  flora  is  composed.  As  a 
result  of  such  an  analysis,  the  flora  may  be  subdivided  into  definite 
groups  of  species.  In  making  this  subdivision  it  is  necessary,  first  of  all, 
to  ehminate  not  only  the  "aliens"  and  "escapes"  but  also  the  "wides", 
i.e.,  species  having  such  an  extensive  range  that  they  embrace  in  their 
area  of  distribution  several  phytogeographical  regions.  Such  widely 
distributed  species,  called  by  EiG  (1931)  "polychores"  or  "pluri-re- 
gional  species",  cannot  give  any  clues  to  the  origin  and  history  of  a 
flora,  at  least  not  unless  their  centers  of  origin  and  time  of  dispersal 
have  been  determined.  After  these  three  types  of  species  have  been 
eliminated,  the  remaining  species  may  be  classified  into  a  number  of 
groups,  which  are  termed  floral  elements. 

The  endemic  species  in  the  flora  under  investigation  should  first  be 
studied.  It  would  be  erroneous  to  consider  that  endemic  species,  since 
their  areas  are  limited  to  the  given  flora,  do  not  require  analysis.  The 
establishment  of  relationships  between  endemic  species,  of  neo-  and 
paleoendemism,  and,  in  the  latter  case,  the  determination  of  the  former 
areas  of  these  species,  as  well  as  the  determination  of  geographical 
series  of  vicarious  species — all  this  gives  very  important  clues  to  the 
origin  of  a  flora.  The  remaining  species  should  then  be  divided  into 
groups  according  to  the  geographical  character  of  their  areas.  This  will 
make  clear  the  regions  from  which  these  groups  of  species  originated, 
and  from  these  data  the  genesis  of  the  given  flora  may  be  established. 
In  other  words,  on  the  basis  of  a  geographical  analysis  of  its  component 
species  we  may  establish  the  origin  of  any  given  flora. 

The  concept  of  floral  elements,  as  we  have  defined  it,  appears  so 
simple  that  any  special  explanation  would  seem  superfluous.  In  fact, 
however,  due  to  the  conflicting  interpretations  that  have  been  given  to 
this  concept,  the  question  assumes  considerable  complexity.  It  seems 
advisable,  therefore,  to  summarize  briefly  the  various  points  of  view. 

The  concept  "phytogeographical  element"  was  first  introduced  into 
science  simultaneously  by  two  investigators:  by  Christ  (1867)  in  his 
investigation  of  the  origin  and  distribution  of  the  flora  of  the  Alps  and 
by  Areschoug  (1867)  in  his  history  of  the  Scandinavian  flora  {see  also 
Degelius,  193s).  But  even  earlier  a  number  of  writers,  e.g.,  Willde- 
Now  (1802),  Unger  (1852),  Hooker  (1855),  and  others,  in  giving 
analyses  of  floras,  had  in  mind  precisely  such  groupings  of  species,  al- 
though they  did  not  use  the  term  "element". 

The  grouping  of  species  within  any  given  flora  may  differ  widely 
according  to  the  principle  upon  which  this  grouping  is  based.  A  sur- 
vey of  this  problem  was  first  made  by  Jerosch  (1903)  in  her  book 
devoted  to  a  history  of  the  flora  of  the  Alps.  Many  investigations  of 
the    same    problem    have    since    been    made — by    Schroter    (1913), 
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Braun-Blanquet  (1919,  1923),  Reichert  (1921),  EiG  (1931),  Wan- 
GERiN  (1932),  Steffen  (1935),  Degelius  (i93s),  and  others.  Having 
made  a  study  of  these  various  viewpoints,  we  consider  that  the  division 
of  a  flora  into  elements  should  be  based  not  on  any  one  but  on  all  of 
the  following  five  principles: 

1.  Geographical  elements,  species  grouped  on  the  geographical  prin- 
ciple, according  to  the  types  of  their  areas,  according  to  their 
geographical  distribution  within  the  region  whose  flora  is  under  inves- 
tigation, and  also,  where  necessary,  according  to  their  altitudinal  distri- 
bution. 

It  would  be  erroneous  to  believe  that  simply  by  grouping  the  species 
of  a  given  flora  on  the  geographical  principle,  i.e.,  by  establishing  the 
geographical  elements  of  a  flora,  one  may  determine  the  origin  of  that 
flora.  This  may  be  true  in  part  only  as  regards  migration  floras,  but  as 
regards  the  relic  and  endemic  species  even  of  such  floras  and  also  as 
regards  relic  floras,  elements  established  on  the  basis  of  geographical 
distribution  do  not  reflect  the  genesis  of  a  flora.  If,  for  example,  we 
take  arctic-alpine  elements,  we  find  that  part  of  their  area  lies  in  the 
Arctic  and  part  in  the  Alps.  But  which  of  the  component  species  are  of 
Arctic  origin  and  spread  from  the  Arctic  to  the  Alps  and  which  are  of 
Alpine  origin  and  spread  to  the  north  into  the  Arctic  regions  we  shall 
not  be  able  to  ascertain  by  grouping  the  species  on  a  geographical 
basis. 

2.  Genetic  elements,  species  grouped  according  to  their  region  of 
origin,  thus  reflecting  the  genesis  of  the  given  flora.  To  determine  the 
region  of  origin  of  a  species  is  often  a  very  difficult  matter,  requiring 
a  monographic  study  of  the  genus  to  which  it  belongs.  Nevertheless, 
these  difficulties  are  not  insuperable,  and  the  classification,  if  not  of  the 
entire  flora,  at  least  of  its  chief  species  into  genetic  elements  is  fully 
possible. 

3.  Migration  elements,  species  grouped  according  to  the  routes  by 
which  they  migrated  to  the  given  floral  region,  e.g.,  along  the  valleys  of 
certain  rivers,  along  the  seacoast,  over  definite  mountain  passes,  or  over 
detour  routes  to  avoid  mountain  chains,  etc.  To  establish  such  ele- 
ments is  ordinarily  very  difficult  and  of  little  promise,  since  a  species 
may  penetrate  into  the  domain  of  a  given  flora  not  by  a  single  route 
but  by  several  routes.  Nevertheless,  the  establishment  of  even  a  small 
number  of  such  migration  elements  may  provide  valuable  clues  to  the 
history  of  the  given  flora. 

4.  Historical  elements,  species  grouped  according  to  the  time  when 
they  became  a  part  of  the  given  flora  {e.g.,  species  that  arose  in  central 
Europe  during  the  Wiirm  glaciation  or  species  that  became  distributed 
during  the  arid,  xerothermic  period  in  post-glacial  times). 

5.  Ecological  elements,  species  grouped  according  to  habitat  pref- 
erences. The  establishment  of  such  elements  if  of  great  significance  in 
determining  the  history  of  a  flora  and  of  those  climatic  changes  to 
which  it  has  been  subjected. 

The  fact  that  the  term  "element"  is  used  in  so  many  different 
senses  has  impelled  some  investigators  to  maintain  that  it  should  be 
used  in  only  one  of  these  senses  and  that  for  the  others  different  terms 
should  be  applied.    Some  maintain  that  the  term  "element"  should  be 
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only  for  designating  genetic  elements,  others  that  it  be  applied  only  to 
geographical  elements.  The  advocates  of  the  latter  alternative  ad- 
vance as  grounds  the  fact  that  the  initiator  of  this  term,  Christ,  ap- 
plied it  only  in  a  geographical  sense,  and  that  only  later,  beginning 
with  Engler,  was  it  used  in  a  genetic  sense.  The  advocates  of  the  first 
alternative  maintain  that  Christ  used  this  term  in  both  a  geographical 
and  genetic  sense.  Nevertheless,  most  investigators  have  been  inclined 
to  believe  that  the  geographical  factor  is  of  primary  importance  and 
that  the  term  "element"  should  be  applied  to  it. 

This  discussion  led  to  a  number  of  proposals  of  different  names  for 
the  various  categories  of  elements  enumerated  above.  Thus,  Reichert 
(1921)  proposed  to  designate  as  floral  elements  only  genetic  elements, 
and  to  call  geographical  elements  "components".  For  migration  ele- 
ments he  gave  the  term  "migrants",  for  those  migrants  that  pene- 
trated into  a  given  flora  during  the  same  historical  period  the  term 
"historical  migrants",  and  for  those  that  arrived  from  the  same  general 
region  and  by  the  same  route  "locative  migrants  "  ("lokativer  Migrant "). 

Wangerin  (1932),  in  a  paper  devoted  especially  to  this  topic,  main- 
tains that  the  term  "element",  if  used  at  all,  should  be  used  in  its 
geographical  sense,  but,  in  view  of  the  confusion  that  has  arisen  in 
connection  with  the  various  ways  in  which  the  term  is  applied,  he 
proposes  that  it  be  discarded  altogether  and  replaced  by  an  entirely 
different  term,  "Arealtype",  that  would  leave  no  doubt  as  to  its 
geographical  application.  In  this  connection  it  may  be  pointed  out 
that  this  last  term  is  by  no  means  new,  for  Hooker  (1855)  in  his 
"Flora  Indica"  grouped  species  into  types  (European,  Siberian,  Ma- 
layan, etc.),  having  in  view  the  same  concept  as  Wangerin. 

It  seems  to  us  that  burdening  science  with  superfluous  terminology 
is  not  at  all  desirable;  in  most  cases  it  does  not  eliminate  confusion  but 
rather  contributes  to  it.  The  term  "component",  for  instance,  is  al- 
ready used  in  biocoenology  and  in  an  entirely  different  sense.  It  is 
much  simpler  to  preserve  the  term  "element"  and  to  add  a  descriptive 
adjective  {e.g.,  genetic,  geographical,  migration,  historical,  ecological) 
in  order  to  make  clear  the  precise  meaning  in  which  the  term  is  used. 
This  seems  all  the  more  advisable,  since  the  new  terms  proposed  do  not 
by  far  cover  all  the  meanings  of  the  term  "element".  Thus,  the  fol- 
lowing terms  have  become  widely  adopted:  relic  element,  endemic  ele- 
ment, Tertiary  element,  Quaternary  element,  etc.  In  order  in  such 
cases  to  avoid  the  use  of  the  term  "element",  one  would  have  to  de- 
vise a  whole  string  of  new  terms  which  would  never  be  widely  ac- 
cepted. 

Of  considerably  greater  significance  are  the  proposals  made  by  Eio 
(1931),  not  so  much  as  regards  the  concept  "element",  by  which  he 
understands  "ecological  element",  but  as  regards  a  more  profound 
analysis  of  floras,  chiefly  with  respect  to  ecology  and  phytocoenology. 
He  points  out  that,  in  case  the  flora  of  a  given  territory  does  not  spread 
beyond  the  boundaries  of  a  definite  floral  region,  this  flora  will  possess 
only  one  basic  element  ("element  base") — he  has  in  mind  a  relic,  not  a 
migration,  flora.  If,  however,  the  territory  under  investigation  em- 
braces two  or  more  floral  regions,  its  flora  wiU  comprise  an  equal 
number  of  basic  elements. 
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Within  the  Hmits  of  a  natural  floral  region  (or  country  comprised 
within  such  a  region)  there  may  be  found  territories  in  which  specific 
ecological  conditions  predominate,  e.g.,  mountain  systems,  river  valleys, 
etc.,  thanks  to  which  in  these  territories  there  have  found  refuge  whole 
colonies  of  alien  plants,  called  by  Eig  inclusions  ("encluses").  The 
latter  may  either  form  independent  associations  or  may  join  associ- 
ations formed  by  the  basic  elements.  In  such  cases  it  is  necessary  to 
speak  either  of  alien  inclusions  in  the  flora  or  of  inclusions  in  the  com- 
position of  the  basic  elements.  These  inclusions,  for  the  most  part,  do 
not  have  any  direct  connection  with  the  regions  in  which  they  origi- 
nated. Historically,  they  constitute  remnants  of  ancient  migrations  of 
mother  elements  ("elements  meres"),  which  gave  rise  to  them. 

While  in  the  foregoing  case  we  have  to  do  with  elements  alien  to  the 
given  flora  and  restricted  to  definite  territories,  in  other  cases  a  floral 
region  may  contain  a  relatively  small  number  of  species  belonging  to 
alien  floras  that  have  penetrated  within  its  limits  but  are  not  confined 
to  any  narrowly  restricted  ecological  conditions  and  consequently  not 
occupying  any  definite  territory.  Such  species  Eig  terms  penetrants 
("penetrations").  The  occurrence  of  such  penetrants  in  the  compo- 
sition of  any  given  flora  is  due,  for  the  most  part,  to  the  existence  of 
favorable  ecological  conditions  (e.g.,  the  penetration  of  a  certain  number 
of  Mediterranean  elements  into  western  Europe  without  occupying  any 
definite  territory  there).  In  many  cases  these  penetrants  are  likewise 
remnants  from  the  migrations  of  ancient  elements  during  periods  favor- 
able for  such  migrations. 

Every  floral  region  possesses  in  its  flora,  besides  its  own  basic  ele- 
ments and  besides  inclusions  and  penetrants,  if  such  there  be,  a  large 
nimiber  of  other  species  more  or  less  widely  distributed  not  only  within 
the  limits  of  this  region  but  in  adjoining  regions.  These  species  Eig 
ca.\ls  plant  links  ("plantes  de  liaison",  "Verbindungs-Sippen").  These 
adjoining  regions  have  been  in  juxtaposition  since  ancient  geological 
times,  and  they  are  closely  linked  by  common  climatic  conditions  and 
other  ecological  factors.  Hence,  these  plant  links  are  indicators  not 
only  of  floristic  but  also  of  ecological  and  phytocoenological  bonds. 
It  is  natural  that  neither  wides  ("polychores"  in  Eig's  terminology) 
nor  weeds  can  be  classed  as  plant  links.  In  some  cases  it  may  be  found 
possible  to  establish  the  existence  of  entire  groups  of  plant  links 
(" grouppements  de  liaison"). 

Hence,  from  Eig's  point  of  view,  among  the  autochthonous  species 
of  a  natural  flora  we  find  not  only  elements  of  this  flora  but  also  plant 
links  and  wide-ranging  polychores.  While  we  agree  that  not  every 
autochthonous  species  entering  into  the  composition  of  a  given  flora 
can  be  included  among  its  elements,  we  believe,  as  already  noted,  that 
wides  ("polychores")  may  be  so  included,  provided  their  centers  of 
origin  and  time  of  dispersal  have  been  determined. 

Returning  now  to  the  concept  "element",  we  wish  to  consider  the 
question  as  to  which  of  the  above-enumerated  types  of  elements  is  of 
most  importance  or,  in  other  words,  on  which  of  them  we  should  chiefly 
base  an  analysis  of  a  flora.  Some  investigators  consider  genetic  ele- 
ments of  most  importance;  others,  such  as  Walter  (1927),  maintain 
that  geographical  elements  constitute  the  only  reliable  basis  for  sub- 
dividing a  flora  into  its  constituent  parts. 
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In  our  opinion  neither  viewpoint  is  correct.  Geographical  elements 
undoubtedly  are  fundamental  for  an  understanding  of  a  flora,  and  an 
analysis  of  a  flora  should  begin  with  these  elements.  But  if  we  restrict 
ourselves  and  do  not  go  more  deeply  into  the  genetic  significance  of 
these  geographical  elements,  we  cannot  arrive  at  any  conclusions  as  to 
the  history  of  development  of  a  flora.  At  the  same  time,  the  classi- 
fication of  elements  solely  on  the  basis  of  their  significance  for  the 
genesis  of  a  flora  is  entirely  impossible  without  a  preliminary  grouping 
of  species  according  to  their  geographical  distribution.  Hence,  it  is 
clear  that  in  analyzing  a  flora  we  should  not  restrict  ourselves  to  either 
type  of  elements  but  should  simultaneously  study  both. 

Moreover,  the  grouping  together  of  species  that  entered  into  the 
composition  of  a  given  flora  by  a  common  route  and  the  grouping  to- 
gether of  species  that  were  enabled  to  spread  during  the  same  historical 
period  are  likewise  of  prime  importance  for  an  understanding  of  the 
historical  development  of  floras.  It  is  equally  of  importance  to  know 
which  species  may  be  grouped  together  because  of  like  ecological 
peculiarities  that  contributed  to  their  entering  into  the  composition  of 
the  given  flora. 

In  other  words,  an  analysis  of  a  flora,  made  with  the  aim  of  estab- 
lishing its  origin  and  the  history  of  its  development,  achieves  its  pur- 
pose only  in  case  it  is  carried  out  on  the  basis  of  the  subdivision  of  the 
flora  into  all  possible  types  of  elements.  Only  by  such  an  analysis, 
culminating  in  a  thorough,  comparative  study  of  all  the  accumulated 
data,  is  it  possible  to  understand  a  flora,  to  understand,  so  to  say,  its 
philosophy. 

Let  us  now  briefly  survey  the  difficulties  involved  in  referring  a 
species  belonging  to  a  flora  under  analysis  to  one  or  another  type  of 
element.  Thus,  as  regards  geographical  elements,  it  is  not  possible  in 
all  cases  to  establish  the  full  extent  of  the  area  of  a  species  without 
preliminary  study.  In  many  cases  a  monographic  study  of  a  species 
is  necessary  in  order  to  define  its  area  precisely.  But  even  in  the  case 
of  those  species  whose  areas  have  been  established,  it  is  by  no  means  a 
simple  matter  to  refer  them  to  one  or  another  geographical  group.  This 
is  clear  from  the  fact  that  investigators  often  disagree  as  regards  the 
geographical  distribution  of  one  and  the  same  species.  Thus,  out  of  a 
long  list  of  such  disagreements  cited  by  Wangerin  we  may  take  as  an 
example  Dianthus  superbus.  Oltmanns  referred  it  to  Atlantic  species, 
i.e.,  to  plants  of  a  humid  climate;  Gradmann  included  it  in  a  group  of 
continental  forest  plants;  Hummel  considered  it  to  be  a  Euro-Siberian 
species;  Hegi — Eurasian;  Steffen — Sarmatian-Central  European. 
The  possibiUty  of  such  diversity  of  opinion  arouses  doubts  as  to  the 
significance  of  analyses  of  floras  divided  into  groups  on  such  a  basis._ 

A  correct  decision  as  to  the  geographical  element  to  which  a  species 
should  be  referred  may  be  made  only  by  locating  the  mass  center  of  the 
area  of  the  species,  for  by  this  means  we  can  determine  which  part  of 
this  particular  area  is  basic.  It  is  quite  apparent,  however,  that  this 
does  not  make  the  task  easier  but  rather  comphcates  it.  Nevertheless, 
it  is  in  this  direction  that  studies  of  areas  should  proceed,  since  only  in 
this  way  will  there  be  excluded  any  danger  of  subjectivity  in  the  evalu- 
ation of  an  area  and  will  there  be  created  the  possibility  of  an  objective 
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testing  of  conclusions.  Often  an  evaluation  of  an  area  is  made  without 
going  into  the  history  of  the  formation  of  the  area  itself,  the  flora  of 
Europe,  for  instance,  being  taken  as  a  starting  point,  with  which  flora 
the  species  of  the  given  flora  are  compared.  Thus,  Hooker  (1855) 
finds  in  the  flora  of  the  Himalayas  and  northern  India  a  European 
element  only  because  the  species  forming  it  are  hkewise  found  in  the 
flora  of  western  Europe,  although,  of  course,  it  is  perfectly  clear  that 
the  centers  of  areas  of  these  species  lie  precisely  in  the  Himalayas, 
whence  in  post-glacial  times  they  spread  to  Europe.  Hence,  this  ele- 
ment might  be  designated  as  Himalayan  in  the  flora  of  Europe  but  in 
no  case  as  a  European  element  in  the  flora  of  India. 

We  shall  now  take  up  individually  some  of  the  floral  elements  most 
frequently  encountered  in  analyses  of  the  composition  of  floras  from 
the  standpoint  of  historical  plant  geography. 

Geographical  Elements:  — 

1.  The  arctic-alpine  element  embraces  a  group  of  species  having 
areas  with  one  part  lying  in  the  Alps  and  the  other  in  the  Arctic. 
These  two  parts,  now  separated  by  the  entire  breadth  of  the  subarctic 
zone  and  the  greater  part  of  the  north  temperate  zone,  were  during  the 
Ice  Age  in  juxtaposition.  At  present  only  in  a  few  places  do  mountain 
chains  stretch  from  the  Arctic  zone  far  to  the  south,  as,  for  instance, 
the  Rocky  Mountains  in  North  America,  the  Urals  in  the  U.S.S.R., 
and  the  Stanovy  Mts.  in  northeastern  Siberia,  thus  forming  a  bridge 
between  the  arctic  and  alpine  parts  of  the  areas  of  species  of  this  ele- 
ment. By  ascertaining  the  origin  of  the  various  species  belonging  to 
this  element  and  dividing  them  into  an  arctic  and  an  alpine  group,  we 
may  distinguish  between  genetic-alpine  and  genetic-arctic  elements. 

2.  The  subarctic  or  subarctic-mountain  element  (Stefpen,  1935) 
embraces  species  distributed  along  the  border  between  the  forest  and 
the  tundra  zone.  Some  species  distributed  in  the  subarctic  zone  are 
also  found  in  mountains,  these  forming  a  subarctic-mountain  element. 
Here  we  may  also  refer  subarctic  steppe  species  that  penetrated  into 
subarctic  regions  presumably  in  arid,  post-glacial  times. 

3.  The  pontic  clement  was  first  introduced  as  a  term  by  Kerner 
(1887),  who  gave  it  a  purely  geographical  characterization.  He  under- 
stood by  it  "the  very  unique  flora  that  spread  from  the  northern  and 
western  shores  of  the  Pontic  [Black]  Sea  westward  over  southern 
Russia  and  the  northern  part  of  the  Balkan  Peninsula,  the  Danube 
region,  Siebenbiirgen,  and  Hungary  as  far  as  the  Alps  and  the  Car- 
pathians". Steffen  (193s)  has  made  more  precise  the  boundaries  of 
the  range  of  this  group  of  species.  On  the  south  this  range  begins  with 
the  northern  spurs  of  the  Caucasus  Mts.  and  the  northern  shore  of  the 
Black  Sea,  excluding  Crimea  (which  he  refers  entirely  to  the  Medi- 
terranean region);  on  the  north  its  boundary  lies  where  the  steppe 
merges  into  mixed  oak  forests;  on  the  west  this  range  embraces  the 
Rumanian  steppes  and  the  Hungarian  lowlands.  As  regards  these 
three  boundaries  all  investigators  are  in  agreement,  but  this  is  not  the 
case  as  regards  the  eastern  boundary.  In  view  of  the  fact  that  species 
of  the  pontic  group  are  primarily  xerophytes  distributed  far  to  the  east 
within  the  limits  of  the  steppe  zone,  some  investigators  have  set  its 
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eastern  boundary  at  Lake  Baikal;  others,  on  the  other  hand,  consider 
it  to  be  the  Urals.  In  our  opinion,  neither  boundary  is  in  accord  with 
the  concept  of  "pontic  element"  in  Kerner's  sense.  Representatives 
of  this  element  found  far  to  the  east  do  not  constitute  there  a  basic 
element  of  the  flora  but  merely  inclusions  or  penetrants  (in  Eig's  sense) 
within  the  region  of  entirely  different  basic  elements. 

But  not  only  did  there  arise  disagreements  £is  to  the  boundaries  of 
distribution  of  the  pontic  element  but  the  term  itself  was  misused  by 
giving  it  not  a  geographical  meaning,  as  Keener  had  in  mind,  but  an 
ecological.  "Pontic  elements"  began  to  be  used  for  steppe  plants  in 
general,  xerophytes,  etc.  In  view  of  the  confusion  that  developed  with 
respect  to  this  term,  Braxtn-Blanquet  (1923)  proposed  to  discard  it 
altogether  and  to  substitute  the  term  Sarmatian  element.  However, 
both  terms  were  used  in  various  senses,  so  that  the  confusion  became 
even  greater.  For  this  reason  it  seems  advisable  to  retain  the  term 
"pontic  element"  and  abandon  "Sarmatian  element". 

Considerable  confusion  was  hkewise  introduced  by  Drxjde  (1890) 
and  later  by  Hayek  (1923),  who  divided  the  pontic  flora  into  two 
branches,  the  west-pontic  forest  flora  and  the  east-pontic  steppe  flora. 
To  the  former  they  referred  the  forest  flora  of  Central  Europe,  which 
constitutes  a  remnant  of  a  Tertiary  flora  that  survived  the  Ice  Age  in 
sheltered  retreats  and  then  returned  to  its  former  habitats;  to  the 
latter,  primarily  steppe  plants  distributed  from  the  shores  of  the  Black 
Sea  westward  over  the  lowlands  of  western  Europe,  which  during  the 
Tertiary  period  lay  under  the  sea.  The  pontic  element  actually  com- 
prises forest  species,  since  within  the  limits  of  the  main  area  of  this 
element  there  are  patches  of  forest,  the  species  of  which  cannot  be 
excluded  from  this  element;  nevertheless,  to  refer  to  the  pontic  type  a 
purely  forest  flora  is  a  perversion  of  the  original  meaning  of  this  term 
that  only  adds  confusion  to  its  use. 

In  our  opinion  Steffen,  in  the  work  already  cited  (1935),  has  given 
the  most  correct  analysis  of  this  element.  He  subdivides  the  pontic 
region  into  two  provinces,  the  eu-pontic  and  the  panonic  (the  latter 
term  was  first  introduced  by  Kerner,  who  referred  to  the  panonic 
element  the  steppe  species  of  Rumania  and  Hungary),  characterized  by 
corresponding  floral  elements.  Having  made  a  thorough  analysis  of  the 
species  growing  in  the  territory  of  the  pontic  region,  Steffen  found  a 
number  of  groups  of  species  that  could  not  be  referred  to  the  pontic 
element.  These  include:  first,  wides  distributed  in  several  floral  re- 
gions; second,  species  distributed  as  far  east  as  eastern  Siberia;  third, 
pontic-Mediterranean  species;  fourth,  species  distributed  from  the 
Mediterranean  Basin  as  far  as  Siberia;  and,  lastly,  plant  links — Aral- 
Caspian  and  pontic-Caucasian  (Transcaucasian). 

To  this  pontic  element  there  has  been  joined  as  subelements  a  num- 
ber of  other  elements,  which  should  rather  be  regarded  as  independent 
elements  or  as  plant  links.  Among  such  we  may  mention  the  lUyrian, 
to  which  are  referred  species  of  the  northern  part  of  the  Balkan  Penin- 
sula, and  the  Aquilonarian.  The  latter  term  was  first  introduced  by 
Kerner  (1888),  who  used  it  to  embrace  species  distributed  not  only 
within  the  limits  of  the  pontic  flora  but  also  in  the  Mediterranean 
Basin:    Spain,   islands  of  the   Mediterranean,   occasional   stations  in 
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northern  Africa  and  on  the  Madeira  and  Canary  Islands.  These  are 
floral  elements  that  cannot  yet  be  divided  into  pure  Mediterranean  and 
pontic  elements.  Out  of  these  elements  there  arose  the  pontic  elements 
only  after  the  territory  of  the  pontic  floral  region  was  uplifted  above 
the  level  of  the  sea  and  became  inhabited  by  plants,  which  could  have 
occurred  not  earlier  than  the  PHocene  (Ludwig,  1923).  Hence,  we 
have  here  precisely  that  type  of  plant  links  that  Eig  had  in  view. 

4.  Atlantic  element.  By  "Atlantic  element"  in  the  geographical 
sense  one  understands  that  group  of  species  whose  distribution  is,  as  a 
whole,  restricted  to  the  Atlantic  coast  region  of  Europe.  Islands  lying 
in  the  Atlantic  Ocean  west  of  Europe  and  northern  Africa  are  not  in- 
cluded in  the  range  of  this  element.  Hence,  the  main  area  of  distri- 
bution of  this  element  is  the  Atlantic  coast  of  Europe — northern 
Portugal  and  Spain,  western  and  northern  France,  the  British  Isles, 
and  as  far  north  as  the  Faroe  Islands,  western  Jutland,  and  the  south- 
ern coast  of  Norway.  The  humid,  maritime  climate,  with  its  uniform 
distribution  of  precipitation  throughout  the  year  and  its  warm  winters, 
has  contributed  to  the  homogeneity  of  the  flora  of  this  part  of  western 
Europe. 

The  Atlantic  element  may  be  much  more  precisely  determined  than 
the  pontic  element,  since  its  area  of  distribution  is  not  transitional  be- 
tween two  other  elements.  It  comprises  only  a  few  plant  links  having 
connection  with  neighboring  regions.  Moreover,  the  distribution  of 
species  of  the  Atlantic  element  are,  in  general,  much  restricted,  due  to 
the  predominance  at  the  present  time  throughout  the  most  of  Europe 
of  continental  conditions  not  suitable  for  these  species. 

The  Atlantic  element  has  been  subdivided  in  various  ways  by 
different  investigators.  Steffen  (1935,  pp.  373-4)  has  summarized 
these  in  the  following  tabular  form :  — 

I.  Atlantic  floral  dement  (in  sensti  strictu).  The  species  belonging  to  this  element  are 
either  restricted  in  their  distribution  to  the  region  of  the  Atlantic  coast  of  Europe 
or,  if  they  have  spread  beyond  this  region,  then  only  in  projecting  spurs. 

A.  Eu-Atlantic  Group:    Compact  distribution  in   the  given  region;    spurs  into 

neighboring  floras  very  few  or  none  at  all. 

(Here   belongs   Troll's   (1925)    hyperoceanic   subgroup,   embracing   species 

growing  in  the  most  humid  places  of  the  region  of  the  Atlantic  flora). 

B.  Sub-Atlantic  Group:   Similar  to  A,  but  with  considerably  more  extensive  spurs 

into  neighboring  floras. 

1.  Atlantic-Submediterranean  Subgroup,  with  spurs  extending,  for  the  most 

part,  into  the  region  of  the  Mediterranean  flora. 

2.  Atlantic-Subarctic  Subgroup,  distributed  chiefly  or  exclusively  in  the  north- 

ern part  of  the  Atlantic  coast  region  of  Europe,  with  spurs  extending 
into  the  subarctic. 

3.  Submaritime  Subgroup,  with  spurs  in  several  directions,  including  regions 

with  a  more  or  less  continental  climate. 

II.  Atlantic-Mediterranean  Group,  a  group  intermediate  between  the  Atlantic  and  Medi- 
terranean groups,  requiring  not  only  maritime  climatic  conditions  but  also  high 
temperature. 

III.  Atlantic-American  Group,  embracing  those  species  of  the  European  Atlantic  seaboard 
found  also  along  the  Atlantic  coast  of  North  America  (identical  or  vicarious  species). 
These  species  are,  undoubtedly,  remnants  of  a  once-united  flora,  now  separated  by 
the  Atlantic  Ocean,  and  constitute  perhaps  the  most  ancient  representatives  of  the 
Atlantic  element. 
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Mention  should  here  be  made  of  the  so-called  "  pseudo- Atlantic " 
species  (Braun-Blanqtjet,  1923),  characterized  by  the  fact  that,  al- 
though they  are  ecologically  close  to  the  Atlantic  species  and  are 
chiefly  restricted  in  their  habitats  to  the  sandy  strips  along  the  shore 
and  to  humid  climatic  conditions,  they  have  a  very  extensive  range  and 
are,  in  reahty,  wides  (polychores) .  This  group,  therefore,  does  not 
constitute  a  floral  element  in  a  geographical  sense. 

There  has  been  no  lack  of  different  interpretations  of  the  Atlantic 
element.  The  chief  confusion  lies  in  the  fact  that  this  term  is  fre- 
quently used  as  a  synonym  for  "oceanic  element"  (ozeanischer  Ele- 
ment), as  comprising  species  adapted  to  humid  habitat  conditions. 
The  oceanic  element  is  a  type  of  ecological  element;  hence,  to  confuse 
it  with  the  Atlantic  element  (a  geographical  type)  or  to  make  these  two 
terms  synonymous,  as  some  investigators  do,  is  entirely  incorrect. 

The  geographical  types  of  elements  in  Russian  phytogeographical 
literature  have  ordinarily  been  designated  not  by  special  terms,  such  as 
those  we  have  just  enumerated,  but  simply  by  indicating  the  geograph- 
ical regions  that  served  as  the  centers  of  origin  of  these  species,  e.g., 
the  Altai,  Mediterranean,  etc.  elements.  In  this  way  the  confusion 
found  in  west-European  literature  was  to  a  considerable  extent  avoided. 
Of  the  few  terms  applied  with  respect  to  the  flora  of  the  U.S.S.R.  we 
may  mention  the  following:  — 

Hirkanic  element  —  species  distributed  chiefly  in  the  forest  and  humid  regions  of  north- 
ern Iran. 

Colchic  element  —  species  similar  to  the  foregoing  but  having  their  chief  center  in 
western  Transcaucasia. 

Turank  element  —  species  of  the  Aral-Caspian  region,  of  a  desert,  xerophytic  type. 

To  devise  more  special  terms  is,  in  our  opinion,  not  of  particular 
service,  since  such  terms  are  not  an  aid  in  understanding  the  species 
composition  of  floras  and  merely  create  confusion  due  to  their  being 
variously  used  and  interpreted. 

Ecological  Elements:  —  Of  the  ecological  elements  those  of  most 
vital  significance  are:  the  oceanic  element,  embracing  groups  of  species 
adapted  to  conditions  of  a  humid,  maritime  climate;  and  the  conti- 
nental element,  embracing  groups  of  species  adapted  to  an  arid,  conti- 
nental climate.  Of  these  two  chief  ecological  elements  only  the  first 
has  been  well  investigated,  so  that  we  shall  discuss  it  in  greater  detail. 

Oceanic  Element.— In  conformity  with  the  very  definition  of  this 
element  as  embracing  species  of  a  humid  climate,  it  is  to  be  expected 
that  such  oceanic  species  will  form  part  of  different  geographical  ele- 
ments. All  species  belonging  to  the  Atlantic  element  will,  at  the  same 
time,  in  an  ecological  sense,  be  oceanic  elements.  It  would  be  entirely 
incorrect,  however,  to  identify  completely  the  Atlantic  and  oceanic 
elements  and  to  use  the  term  Atlantic  element  in  an  ecological  sense, 
understanding  by  it  floral  elements  adapted  to  a  humid  climate  regard- 
less of  their  geographical  location.  Likewise,  only  confusion  is  intro- 
duced by  designating  such  hydrophytic  elements  as  Iberian,  Lusitanian, 
Macaronesian,  insular,  etc.,  when  one  has  in  mind  not  the  geographical 
but  the  ecological  character  of  these  elements.  Hydrophytic  elements 
of  floras,  regardless  of  their  geographical  distribution,  should  be  desig- 
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nated  as  oceanic  elements.  In  other  words,  there  should  be  included 
among  oceanic  elements  not  only  Atlantic  elements  (in  a  geographical 
sense)  but  also  the  pseudo-Atlantic  species  about  which  we  spoke 
above. 

Studies  of  the  oceanic  element  have  been  made  by  many  investi- 
gators, beginning  with  Willdenow,  Wahienberg,  Grisebach,  and 
Blytt.  In  more  recent  years  two  special  works  have  been  devoted  to 
this  problem — one  by  Troll  (1925)  on  oceanic  features  in  the  flora  of 
central  Europe  and  another  by  DEGELros  (1935)  on  oceanic  elements 
among  the  lichens  of  Scandinavia. 

Troll  distinguishes  six  different  types  of  geographical  distribution  of 
oceanic  elements  in  Europe,  which,  as  interpreted  by  Degelius,  are  as 
follows :  — 

1.  Eu-oceanic  Atlantic  type  {e.g.,  Vicia  orobus);  here  belong  also  such  "hyper-oceanic" 

types  as  Asplenium  marinum,  Eriocaidon   septangtUare,   Spiranthes    romanzqffiana, 
etc. 

2.  Suboceanic  Atlantic  type  (Digitalis  purpurea,  Illecebrum  verticillatum,  etc.). 

3.  Eu-oceanic  Atlantic-Mediterranean  type  (Ilex  aquifolium.  Primula  vulgaris). 

4.  Suboceanic  Atlantic-Mountain-Mediterranean  type  (region  of  the  beech). 

5.  Eu-oceanic  Atlantic-Subarctic:  type  (Myrica  Gale);    or  North-Atlantic  Subarctic  type 

(Corntis  suecica). 

6.  Suboceanic  Atlantic-Subarctic  type. 

This  classification,  of  course,  does  not  by  far  embrace  all  the  types 
of  species  of  the  oceanic  element  in  the  composition  of  the  various 
floras  even  of  Europe,  but  it  suffices  to  make  clear  the  distinction  be- 
tween geographical  and  ecological  elements. 

The  concept  "oceanic  element"  has  been  subjected  to  considerable 
elaboration,  thanks  to  a  series  of  papers  by  Gams  (1930,  1931-32, 
1933)1  which  have  made  clear  not  only  the  ecological  character  of  this 
element  but  also  its  significance  in  determining  the  origin  of  floras. 
According  to  Gams,  the  oceanic  element  is  represented  chiefly  by 
mosses,  ferns,  and  evergreen  gymnosperms  and  angiosperms,  i.e.,  by 
ancient  floral  elements.  The  initial  land  flora  was  evolved  from  water 
plants  that,  in  the  remote  ages  in  the  history  of  the  globe,  emerged 
from  the  water  to  the  surface  of  the  land.  The  further  evolution  of 
this  land  flora  followed,  in  the  main,  an  uninterrupted  course  of 
emancipation  from  dependence  on  water  and  adaptation  to  continental 
habitat  conditions.  This  circumstance  in  itself  constitutes  grounds  for 
considering  oceanic  floras  as  remnants  of  the  most  ancient  land  flora 
of  the  globe.  It  should  be  noted,  however,  that  not  all  continental 
elements  are  young  constituents  of  the  floras  of  the  globe.  Climatic 
zones  have  always  existed,  and  there  were  zones  with  an  arid  climate 
and  xerophytic  floras  also  in  former  geological  periods.  But  what  is 
true  and  what  it  is  necessary  to  emphasize  is  that  in  our  time  the 
climate  of  the  globe  has  become  less  humid,  and  the  number  of  regions 
where  flora  of  an  oceanic  type  may  still  grow  has  become  ever  less  and 
less.  As  a  result,  continental  elements  have  become  more  and  more 
widespread. 

Oceanic  elements,  just  as  continental  elements,  may  be  found  in  the 
composition  of  any  flora  of  the  globe.  The  farther  one  proceeds  inland 
away  from  the  ocean  shores,  the  more  will  the  ratio  between  these  ele- 
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ments  stand  in  favor  of  the  continental.  By  selecting  from  any  given 
flora  the  oceanic  elements  and  subjecting  them  to  study,  we  can  deter- 
mine the  ratio  of  these  elements  to  the  rest  of  the  flora,  the  approxi- 
mate rate  of  decrease  or  increase  in  their  number  within  the  limits  of 
the  given  flora,  etc.  In  other  words,  by  establishing  which  are  the 
oceanic  elements,  representing  the  most  ancient  elements  of  the  earth's 
flora,  we  can  obtain  data  of  great  value  in  determining  the  history  and 
origin  of  any  given  flora. 

Historical  Elements:  —  Without  aiming  to  give  an  emmieration  of 
all  the  groups  of  species  whose  distribution  is  linked  with  definite  his- 
torical moments,  we  shall  consider  here,  by  way  of  example,  only  two 
of  such  elements:  arctic-Tertiary  and  boreal-Tertiary,  terms  that  were 
introduced  into  ph3i;ogeography  by  Engler  and  that  have  become 
widely  accepted. 

According  to  Engler,  in  our  present-day  arctic  region  in  the  Ter- 
tiary period  (he,  as  Heer,  considered  it  to  be  during  the  Miocene  stage, 
but  it  is  now  referred  to  a  considerably  earlier  period)  there  flourished  a 
flora  composed  of  coniferous  and  deciduous  trees  now  characteristic  of 
North  America  and  eastern  Asia  (exclusive  of  its  tropical  regions). 
This  group  of  species  he  called  "arctic-Tertiary".  Next  to  this  flora 
on  the  south  there  was  found  the  "boreal-Tertiary"  flora,  bearing  to  a 
considerable  degree  a  tropical  character,  since  it  comprised  palms  and 
evergreen  elements.  Still  farther  south,  stretching  over  the  vast  ex- 
tent of  territory  from  southern  England  to  Japan  and  including,  on  the 
south,  our  present-day  Mediterranean  region,  was  the  domain  of  a 
truly  tropical  flora,  which  Engler  characterized  as  consisting  of 
"megatherms". 

Engler  himself  did  not  give  any  precise  indications  as  to  the  changes 
that  took  place  in  these  floras  during  the  latter  part  of  the  Tertiary  and 
during  the  Quaternary  period.  He  only  indicated,  by  lines  on  his  map, 
their  migration  from  arctic  latitudes  to  the  Mediterranean  region. 
Many  subsequent  authors  interpreted  this  in  the  following  way,  which 
undoubtedly  is  in  accord  with  Engler's  viewpoint:  that  all  three 
types  of  flora — the  tropical  flora  of  the  Mediterranean  Region,  the 
boreal-Tertiary,  and  the  arctic-Tertiary— were  forced  by  climatic 
changes  to  migrate  southward,  each  flora  replacing  that  lying  next  to 
it  on  the  south. 

Paleobotanic  data  undoubtedly  indicate  that  during  the  Tertiary 
period  there  occurred  a  succession  of  floras,  tropical  and  subtropical 
floras  being  gradually  replaced  by  temperate  and  arctic  floras,  so  that 
the  existence  of  these  two  historical  elements  may  be  considered  as 
practically  established.  We  wish,  however,  to  draw  attention  to  certain 
drawbacks  to  the  terms  applied  to  these  elements.  The  term  "arctic- 
Tertiary  element"  does  not  well  express  what  is  intended,  since  almost 
to  the  end  of  the  Tertiary  period  there  was  no  Arctic  zone  in  Europe. 
The  application  of  a  term  employed  in  modern  climatic  zonation  to  the 
Tertiary  allocation  of  floras  makes  this  designation  of  the  element  in- 
sufficiently precise,  all  the  more  since  Engler  did  not  restrict  the 
distribution  of  this  flora  to  the  exact  boundaries  of  our  present-day 
arctic  region.    Similarly,  the  term  "boreal-Tertiary  element"  does  not 
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well  express  the  Tertiary  character  of  the  flora  which  occupied  at  that 
time  our  present-day  temperate  zone  of  Europe.  In  this  term  the 
emphasis  is  placed  not  on  the  subtropical  nature  of  those  species  that 
we  refer  to  this  element  but  on  the  present  climatic  (northern)  charac- 
ter of  the  region  inhabited  by  this  flora  that  subsequently  migrated  to 
the  south. 

But  of  an  even  more  fundamental  character  is  the  following  con- 
sideration. Engler  and  subsequent  investigators  presumed  that  the 
three  floras  mentioned  succeeded  one  another  completely;  they  en- 
tirely ignored  the  existence  of  different  floras  at  different  altitudes,  with 
also  a  gradual  dying  out  of  tropical  and  subtropical  elements  and  their 
replacement  by  temperate  and  alpine  elements,  in  aU  zones  of  Tertiary 
Europe,  for  which  there  are  ample  paleobotanic  proofs.  Nevertheless, 
there  is  no  doubt  that  successions  of  floras  have  taken  place  not  only 
as  a  result  of  shiftings  of  the  various  elements  from  south  to  north  but 
also  as  a  result  of  a  shifting  of  vegetation  belts  toward  the  lower  alti- 
tudes and  the  distribution  of  these  temperate  and  alpine  elements  in 
the  plains  and  their  migration  from  east  to  west  or  from  west  to  east 
within  the  hmits  of  the  same  climatic  zone. 

Lastly,  it  should  be  noted  that  the  shifting  of  the  tropical  and 
subtropical  elements  of  Eurasia  was  initiated  not  from  the  north  but 
from  the  east,  from  eastern  Asia,  a  view  to  which  Engler  himself  in- 
cHned  in  his  latest  works.  From  such  a  viewpoint  the  term  "arctic- 
Tertiary  element"  loses  its  original  meaning.  In  view  of  their  lack  of 
clarity,  it  would  seem  advisable  to  discard  both  terms — arctic-Tertiary 
and  boreal-Tertiary. 

Although  it  has  not  been  possible  to  review  here  all  the  extensive 
literature  on  floral  elements,  we  believe  that  the  principles  we  have 
outlined  in  this  and  preceding  chapters  suffice  to  indicate  the  general 
course  to  be  followed  in  making  analyses  of  floras.  This  method  of 
analyzing  floras  is  widely  used  by  plant  geographers  throughout  the 
world.  By  summarizing  the  results  of  their  work  one  may  retrace  the 
main  stages  in  the  history  of  the  floras  of  our  globe. 
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Abies,  98,  99 

pinsapo,  171 

Abutilon  Avicennae,  106 

Acanthaceae,  no 

Acantholimon,  20 

Acanthospermum,  127 

Adansonia,  89 

Adenostemma  viscosum,  112 

Agaricus  campestris,  see  Psalliota  campestris 

Agathis,  88 

Agropyrum  repens,  1 1 3 

tanaiticum,  63 

Agrostemma  githago,  106,  113 
Agrostis,  63,  72,  92 

Biebersteinii,  63 

hissarica,  63 

planifolia,  63 

Trinii,  63 

Alectorolophus  apterus,  107 
Allium  rotundum,  113 
Alnus,  151 

glutinosa,  159 

viridis,  116 

Alopecurus,  56,  71,  92 
Alyssum,  32 
Amanoa,  90 
Amaranthaceae,  90 
Amaranthus  retroflexus,  113 
Anagallis  tenella,  82 
Ancistrocladus,  87 
Androsace  glacialis,  68 

Hausmanni,  68 

Anisophyllea,  87 
Anona,  88 

glauca,  88 

Klainii,  88 

• senegalensis,  88 

Arabis  turrita,  117 

Aralia,  21 

Araucaria,  88,  171,  193 

Nathorstii,  192 

Araucariaceae,  191 
Arbutus  unedo,  84 
Archaeopteryx,  190 
Archicolchicum,  147 
Arcticum  lappa,  127 
Arctostaphylos  Uva-ursi,  147 
Areca,  88 

Aristida  Karelini,  64 
pennata,  64 

rigida,  64 

Aristolochia  arborea,  no 

clema litis,  122 


Armeria,  32 
Artemisia,  32 
Arthrophylum  haloxylon,  64 

persicum,  64 

Asclepiadaceae,  90 
Asclepias,  90 
Asperula,  144,  145 
Asplenium  adiantum  nigrum,  68 

marinum,  211 

Seelosii,  68 

septentrionale,  68,  122 

serpentini,  68 

Astragalus,  32,  35 
Astrantia,  19,  24 
Athrixia,  89 

Avena  fatua  ssp.  septentrionalis,  113 

Berberis  vulgaris,  98 
Betula,  151,  160 

odorata,  159 

Biscutella  laevigata,  72,  73,  92 
Boraginaceae,  127 
Borassus,  87 

Breutelia  arcuata,  213 
Bromus  grossus,  106 
pratensis,  107 

racemosus,  107 

secalinus,  106,  107 

Buddleia,  88 

madagascariensis,  87 

Bulbophyllum  tenettum,  81 

xylocarpi,  8i 

Bunium,  64 

Angreni,  64 

capusi,  64 

chaerophylloides,  64 

persicum,  64 

Bupleurum  fruticosum,  108 
Burseraceae,  194,  201 
Buxus,  154 

sempervirens,  45,  76,  91 

Calamites,  178 
Calligonum,  19 
Calluna,  116 

vulgaris,  147 

Caltha  palustris,  149,  130 
Camelina,  106,  114 

glabra ta,  106 

linicola,  106 

Capsella  bursa-pastoris,  113,  127 
Caragana,  74 

Camilli  Schneideri,  74 
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chamlagu,  74 

frutex,  74 

grandiflora,  74 

lacta,  74 

Leveillei,  74 

opulens,  74 

polourensis,  74 

rosea,  74 

turfanensis,  74 

Cardamine  resedifolia,  117 
Carex,  33,  34,  3S>  56,  78 

flava,  82 

gracilis,  149 

vesicaria,  149 

Carpinus,  161 

Catalpa  bignonioides,  83 

Bungei,  83 

Kaempferi,  83 

punctata,  83 

speciosa,  83 

Caucalis,  113 
Cedrus,  171 
Celsia,  59 

Ballii,  59 

Barnadesii,  59 

Battandieri,  59 

betonicifolia,  59 

commixta,  59 

cretica,  59 

Faurei,  59 

laciniata,  59 

longirostris,  59 

lyrata,  59 

maroccana,  59 

pinnatisecta,  59 

ramosissima,  59 

zaiamensis,  59 

Centaurea,  35 

cyanus,  113,  114 

margaritacea,  63 

picris,  113 

Ceratozamia,  188 
Cercis  canadensis,  87 

Siliquastrum,  87,  154 

Chenopodiaceae,  20 
Chenopodium  album,  113 
Chlorophora,  90 
Cimicifuga  foetida,  85 
Cinnamomum,  152 
Cirsium  arvense,  113,  127 
CitruUus,  87 

Cladium  mariscus,  158 
Clematis  Jacqmannii,  log 
Clethra,  187 
Clethraceae,  187 
Cochlospermiun,  88 
Cocos,  13s 
Coffea,  87 

Colchicum,  147,  163 
autumnale,  145 

Biebersteinii,  147 

Comandra  elegans,  87 


umbellata,  87 

Compositae,  42,  45,  n8,  119,  127 
Comptonia,  152 

Copaifera,  90 
Coprinus  comatus,  127 
Coprosma,  198 
Cordaites,  178 
Corema,  84 
alba,  84 

Conradii,  84 

Cornus  suecica,  211 
Coronilla,  32 
Corylus,  151,  160 
Cratoxylon,  88 
Cronartium  quercium.  98 
Cupressaceae,  191 
Cuscuta  epilinum,  107 
Cycadaceae,  188,  189 
Cycas,  189 

circinalis,  189 

revoluta,  189 

siaraensis,  189 

Thouarsii,  189 

Cyclamen,  146,  162 

coum,  76 

europaeum,  146 

persicum,  146 

Cymbaria  borysthenica,  85 
dahurica,  85 

mongolica,  85 

Cyperaceae,  92,  128 
Cytisus,  19,  23,  92 

laburnum,  108 

Daboecia,  82 

polifolia,  82 

Dacrj'dium,  88 

Fonckii,  88 

laxifolium,  88 

Dammara,  171 
Daphne,  148 
Julia,  148 

laureola,  108 

Darlingtonia,  84,  86 

calif ornica,  84 

Dianthus  superbus,  206 
Digitalis  purpurea,  158,  211 
Dioon,  188 

Diplotaxis  muralis,  no 

tenuifolia,  no 

Draba,  35,  56,  99 
luteola,  67 

var.  minganensis,  67 

Drimys,  89 
Drosera,  90 
Drosophila,  69 
Dryas,  156,  159 

octopetala,  157 
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Elodea  canadensis,  103,  113 
Encephalartos,   189 
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Engelhardtia,  88 
Eragrostis,  72 

albida,  72 

cambessediana,  72 

pallescens,  72 

Erica,  116 

carnea,  147 

Mackaii,  84 

mediterranea,  147 

Tetralix,  158 

Ericaceae,  147 
Erigeron,  66 

canadensis,  103,  113,  127 

polymorphus,  66 

uniflorus,  66 

Eriocaulon  septangulare,  82,  84,  211 
Eriophorura  angustifolium,  150 
Eriosomea,  loi 
Erismadelphus,  88,  89 
Eryngium,  35 
Erythrorhiza,  90 
Eucolchicum,  147 
Euphorbia  palustris,  27 
Euphorbiaceae,  90 
Euphrasia,  81,  197,  198,  200 

borneensis,  198 

Merrillii,  197 

formosissima,  198 

philippinensis,  197 

Euryale  ferox,  154,  163 
Eustichia,  186 
Eustichiaceae,  186 

Fagus,  151,  161 

sylvatica,  148 

Falcaria  Rivini,  113 
Ferula,  32 
Festuca,  63,  92 
Ficus  carica,  rS4 
Fitzroya,  91 
Forda  formicaria,  100 

hirsuta,  loi 

Fragaria  collina,  158 

Galeopsis  speciosa,  117 
Galinsoga  parviflora,  113 
Genista,  32 
Gentiana,  56 

pneumonanthe,  158 

Geranium  sanguineum,  158 

■ simense,  87 

Geum,  99 
Gigantopteris,  174 
Ginkgo,  189,  190 

adiantoides,  i 

biloba,  75,  189,  201 

Ginkgoales,  189 
Glossopteris,  174 
Glyptostrobus,  84 

europaeus,  84 

groenlandicus,  84 

heterophyllus,  84 


190,  191,  192,  201 


intermedius,  84 

pendulus,  84 

Ungeri,  84 

Gnetaceae,  45 
Gnetum,  168 
Grabowskia,  99 
Gunnera,  43 
Guttiferae,  88 
Gypsophila,  32 

Haastia,  42 
Halorrhagaceae,  43 
Halorrhagis,  ig8 
HamameUs  japonica,  83 

mollis,  83 

virginiana,  83 

Hebe,  89 

Hedera  Helix,  146 
Hedysarum  cretaceum,  63 
Heliamphora,  84,  86 

nutans,  84 

Helianthemum,  32 
Hernandia,  88 
Hesperapis,  95 
Hibiscus  cannabinus,  106 
Hieracium,  29 

chloroleucum,  29,  31 

meticeps,  29,  31 

Hookeria,  187 

acutifolia,  187 

lucens,  187 

Hyalopsora,  99 
Hyoscyamus  niger,  127 
Hypericum,  87 

mycorens,   87 

Ilex, 158 

aquifolium,  211 

niecebrum  verticillatum,  211 
Impatiens  parviflora,  113 
Iris,  36,  37,  46 
pseudacorus,  122 

Jaegerina,  187 
Jovellana,  89 
Juglandaceae,  100 
Juglans,  152 
Juniperus  foetidissima,  78 

Keraudrenia,  89 

Labiatae,  20,  119 
Lagenaria,  87 

vulgaris,  78 

Lamium,  103 
Larix,  98,  171 
Laurus  canariensis,  154 
Lecanora  esculenta,  116 
Leguminosae,  90,  105,  106,  119 
Leontice  altaica,  85 
Lepidodendron,  153,  178,  179 
Leucojum,  144,  145 
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Ligularia  sibirica,  150 
Linaria  cretacea,  63 

cymbalaria,  113 

Linum  crepitans,  105 
Liparis,  150 

Loeselii,  150 

Liquidambar,  21,  196 

formosana,  83 

orientalis,  83 

styraciflua,  83 

Liriodendron,  21,  194,  195,  196,  201 

chinense,  83,  194,  196 

Procaccini,  195,  196 

Tulipifera,  83,  170,  194,  196 

Lodoicea  sechellarum,  121,  13s 
Loganiaceae,  88 
Loiseleuria,  75 

procumbens,  75 

Lotus,  32 

Luffa,  87 
Lupinus,  35 
Lycium,  99 

Lycoperdon  Bovista,  127 
Lycopodium  inundatum,  82 

MACLtniA  AURANTIACA,   Io8 

Macrozamia,  189 
Magnolia,  21,  45,  170 
Magnoliaceae,  45,  170 
Mahonia  aquifolium,  108 
Malva,  103 
Malvaceae,  90 
Medicago,  103 
Melampsoraceae,  98 
Melilotus,  103 
Menodora,  95,  96,  loi 

heterophylla,  96 

Microcycas,  189 
Middendorfia  borysthenica,  85 
Milesina,  99 

Momordica,  87 
Monilia  sitophila,  128 
Moraceae,  90 
Musa,  87 
Myosotis,  127 
Myrica  Gale,  211 
Myricaceae,  100 
Myricaria  dahurica,  99 
germanica,  99 

Najas  flexilis,  83,  150 
Nasturtium  palustre,  114 
Nepenthes,  87 
Nicotiana,  32,  46 

Tabacum,  127 

Nipa,  151,  152 
Nothofagus,  89,  91 

OcoTEA,  152 
Oedipodiaceae,  186 
Olea,  87 
europaea,  108 


Oleaceae,  95 
Oligocarpa,  99 
Onobrychis,  32 
Ononis,  31,  46 
Oreodaphne,  152 
Orobanchaceae,  57 
Orthurus,  99 
Osmorhiza  amurensis,  83 

Berterii,  83 

brachypoda,  83 

brevistylis,  83 

chilensis,  83 

depauperata,  83 

japonica,  83 

laxa,  83 

longistylis,  83 

nuda,  83 

Osmundaceae,  99 
Oxycoccus,  147,  150 
quadripetalus,  150 

Pandanus,  87 
Papaver  Rhoeas,  105 
Papilionaceae,  100 
Passerina,  45,  46 
Paullinia,  90 
Pecopteris,  178,  180 
Pemphigus  bursarius,  loi 

pyriformis,  loi 

Pernettya,  89 

Phacellanthus,  57 

Phalaris  brachystachys,  106 

truncata,  106 

Phleum,  56 
Phlomis,  64 

brachystegia,  64 

Popovii,  64 

Phragmipedium  circumvallatum,  99 
Phylica  nitida,  124 

Picea,  160 

excelsa,  119 

sitchensis,  171 

Pinaceae,  191 
Pinus,  159,  160,  168 

brutius,  79 

canadensis,  170 

eldarica,  79,  92 

Gerardiana,  109 

halepensis,  79 

hepios,  98 

mitis,  98 

monticola,  65 

omorica,  170 

Peuce,  170 

pityusa,  79 

ssp.  Stankevici,  79 

rigios,  98 

sarmatica,  79 

silvestris,  76 

Strobus,  6s,  170 

Taeda,  98,  171 

Pistacia,  100 
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mutica,  loo,  loi 

terebinthus,  loo 

vera,  loi 

Plantago  major,  127 
Platanus  occidentalis,  87 

orientalis,  87 

Podocarpaceae,  igi 
Podocarpus,  87,  193 
Polygonatum,  144,  145 
Polypodiaceae,  99 
Polyporus  squamosus,  127 
Populus,  152 

nigra,  loi 

tremula,  159 

Porcellana,  125 
Pothos,  87 
Primula,  56,  57 

-  farinosa,  55,  56 

var.  magellanica,  55 

vulgaris,  211 

Primulaceae,  56 

Prunus  laurocerasus,  149 
Psalliota  campestris,  127 
Pseudolarix,  171 
Pseudotsuga  taxifolia,  109 
Puccinellia  maritima,  83 
Puccinia,  gg 

drabae,  98,  loi 

graminis,  98 

Thuemeniana,  99 

Pueraria  Thunbergiana,  109 
Puffinus,  125 

QuERCus  Ilex,  79 

pedunculata,  157 

Robur,  148 

sessiliflora,  148,  159 

Ranunculus,  198 

pygmaeus,  82 

Raphanus  raphanistrum,  127 
Ravenala,  90,  187 
Rhamnaceae,  124 
Rhamnus  cathartica,  158 
Rhegmatodon,  186 
Rhododendron  ferrugineum,  26 
— —  hirsutum,  26 

ponticum,  154 

Rhynchospora  alba,  150 

fusca,  150 

Ribes  petraeum,  125 
Rosa,  126 

Rubia  peregrina,  84 
Rubus,  126 

arcticus,  149,  163 

Rulingia,  89 

Rumex  crispus,  122 

Sabal,  151,  152 
Salix,  116,  160 

herbacea,  82 

reticulata,  157 


Sambucus  nigra,  125 
Santalum,  198 
Sapindaceae,  90 
Saponaria  ocymoides,  25 

pumila,  25 

Sapotaceae,  7,  8 
Sarracenia,  84,  86 
Sarraceniaceae,  84,  86 
Sassafras,  21 
Saussurea,  32 
Saxifraga,  20,  23,  56 

geum,  82,  84 

hirculus,  150 

umbrosa,  82 

Scaligeria,  64 

alpestris,  81 

ferganensis,  64 

var.  Korshinskyi,  64 

hirtula,  64 

soongorica,  81 

transcaspica,  64 

Schisma  Sendtneri,  213 
Schivereckia,  99 

podolica,  98,  99,  loi 

Scrophularia  cretacea,  63 
Scrophulariaceae,  89 
Secale  montanum,  104 
Senecio  Bojeri,  87 

vernalis,  103 

Sequoia,  21,  83,  84,  193 
Sequoia  gigantea,  83 

sempervirens,  83 

Serratula  rhaponticum,  117 
Sesamum,  87 

Sigillaria,  153,  178 
Silene,  32 

cretacea,  63 

linicola,  107 

Sis>Tnbrium,  34,  35 

Sophia,  126 

Solidago  serotina,  113 

Sonchus  arvensis,  113 

Sorbus  aria,  116,  i$j 

Spartina  altemiflora,  83 

— —  patens,  83 

Spergula,  114 

Sphaeralcea,  90 

Sphagnum,  159 

Spiraea  filipendula,  158 

Spiranthes  romanzoffiana,  82,  83,  211 

Staberia,  186 

Symphonia,  88 

globulifera,  88 

Talauma,   170 
Taraxacum  officinale,  113 
Taxaceae,  igi 
Taxodiaceae,  191 
Taxodium,  21,  84 

distichum,  84 

imbricarium,  84 

mexicanum,  84 
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Telanthera,  go 
Teucrium  scorodonia,  158 
Thalictrum  alpinum,  82 
Thecospora  vacciniorum,  98 
Thunbergia  grandiflora,  no 
Thymus  chamaedrys,  158 
Tilia,  100,  161 
Torreya  califomica,  83 

grandis,  83 

nucifera,  83 

taxifolia,  83 

Tortula,  186 

Trachycarpus  excelsus,  108 
Trapa,  152 

Trifidaphis  phaseoli,  100 
Trifolium,  32,  35 
Triticum  dicoccoides,  78 

dicoccum,  78 

monococcum,  78 

spontanum,  78 

Tsuga,  171 

canadensis,  98 

europaea,  98 

Ulmus,  100,  151,  161 
Umbelliferae,  105 
Uredinopsis,  99 

Vaccaria  paeviflora,  113 
Vaccinium,  147 


Myrtillus,  98 

• nigrum,  147 

uliginosum,  92,  147,  14! 

• Vitis  idaea,  98,  147 

Veronica,  72,  91,  92 
agrestis,  72,  113 

filiformis,  72 

opaca,  72 

■ polita,  72,  113 

Tournefortii,  113 

Vicia  orobus,  211 
Victoria  regia,  154 
Viola  abyssinica,  87 

emirnensis,  87 

Viscum  album,  123 
Vochysiaceae,  88,  89 

Wormia,  87 
Wulfenia,  200 

Araherstiana,  85 

Baldacci,  85 

carinthiaca,  77,  85,  92 

orientalis,  85 

Xanthium  spinosum,  113 

Yucca,  105 

Zamia,  188,  189 
Zamiaceae,  188,  189 
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